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A SEASONAL STUDY OF AMINO ACIDS IN 
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BY ROGER EVENS B.Sc. 
ABSTOACT 
The fluram method f o r the a n a l y s i s of amino a c i d s was 
modified f o r use i n sea and e s t u a r i n e waters. No evidence 
f o r environmental c o p r e c i p i t a t i o n of amino a c i d s was found 
and any p o s s i b l e removal p r o c e s s from the Tamar e s t u a r y was 
most l i k e l y t o be by some d i f f e r e n t mechanism. 
An HPLC method f o r the a n a l y s i s of amino a c i d s i n n a t u r a l 
waters s u i t a b l e f o r shipboard use was developed. The method 
was used to determine the s e a s o n a l v a r i a t i o n of amino 
nitrogen i n c o a s t a l and e s t u a r i n e waters i n order to t e s t 
the h y p o t h e s i s t h a t phytoplankton c o u l d use such compounds 
as a source of n u t r i e n t n i t r o g e n when n i t r a t e was absent. 
The l e v e l s found were g e n e r a l l y an order of magnitude h i g h e r 
than those p r e v i o u s l y reported. T h i s work has gone some way 
i n accounting f o r some of the p r e v i o u s l y u n i d e n t i f i e d 
f r a c t i o n of the t o t a l d i s s o l v e d n i t r o g e n i n c o a s t a l waters. 
S i m i l a r i t i e s of amino a c i d s p e c t r a between c o a s t a l and 
e s t u a r i n e waters were found and the dominant a c i d s were 
s e r i n e , g l y c i n e t y r o s i n e and o r n i t h i n e . T y r o s i n e occurred 
very e r r a t i c a l l y . 
The patchy d i s t r i b u t i o n , s e a s o n a l v a r i a t i o n and l e v e l s of 
the d i s s o l v e d f r e e amino a c i d s i n c o a s t a l and e s t u a r i n e 
waters may support the theory t h a t phytoplankton use them as 
a source of n u t r i e n t n i t r o g e n . 
W h i l s t i t was not p o s s i b l e to show t h a t the h y p o t h e s i s was 
t r u e i t was c o n s i d e r e d l i k e l y t h a t a t l e a s t some amino a c i d s 
might sometimes be u t i l i s e d as n u t r i e n t n i t r o g e n . 
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Chapter X. 
COPRECIPITATION OF AMINO ACIDS IN THE TAMAR ESTUARY. 
P r e l i m i n a r y Remarks. 
The r e l a t i o n s h i p between d i s s o l v e d n i t r o g e n compounds and 
the growth of marine phytoplankton has been the s u b j e c t of 
numerous s t u d i e s . By analogy with a g r i c u l t u r e the e a r l y 
work was l a r g e l y concerned with n i t r a t e but i t became c l e a r 
t h a t even i n the absence of n i t r a t e the marine 
phytoplankton continued to f l o u r i s h . I n order to e x p l a i n 
t h i s apparently anomalous s i t u a t i o n i t was f e l t t h a t t h e r e 
could w e l l be other u n i d e n t i f i e d n i t r o g e n compounds p r e s e n t 
i n the water s e r v i n g as n u t r i e n t s and indeed subsequent 
work has c e r t a i n l y shown t h a t t h e r e i s a l a r g e pool of 
organic n i t r o g e n d i s s o l v e d i n the waters of the euphotic 
zone during the summer months ( B u t l e r e t a l . 1979). 
As most of t h i s pool remained u n i d e n t i f i e d i t was not known 
what f r a c t i o n was u t i l i s e d by the phytoplankton and t h i s 
posed great problems i n p r o d u c t i v i t y s t u d i e s . S t u d i e s i n 
the Tamar E s t u a r y have a l s o shown t h a t s i m i l a r l e v e l s of 
d i s s o l v e d organic n i t r o g e n compounds occur i n the summer 
months as i n the l o c a l seas. Amino a c i d s c o n t r i b u t e to the 
pool of d i s s o l v e d organic n i t r o g e n i n both sea and 
e s t u a r i n e waters, but although p u b l i s h e d r e s u l t s i n d i c a t e 
t h a t t h e i r c o n t r i b u t i o n i n the sea was s m a l l , i t would 
perhaps be expected t h a t t h i s would not be the case i n the 
estu a r y . Because of the d i f f i c u l t i e s of e s t i m a t i n g 
d i s s o l v e d amino a c i d s i n e s t u a r i n e waters t h e r e are no 1 
p u b l i s h e d r e s u l t s f o r t h e i r c o n c e n t r a t i o n i n the waters of 
the Tamar. Due to the high l e v e l s of p r o t e i n a c i o u s m a t e r i a l 
i n the waters i t would perhaps be expected t h a t the amino 
a c i d s c o n t r i b u t i o n would be f a r h i g h e r than those i n the 
sea (see Burton's (1978) r e v i e w ) . However the reported 
l e v e l s of d i s s o l v e d o r g a n i c n i t r o g e n show t h a t t h i s i s not 
the case. There are a number of p o s s i b l e explemations f o r 
t h i s such as a r a p i d f l u x of n i t r o g e n compounds i n the 
e s t u a r y by the b i o t a , p a r t i c u l a r l y b a c t e r i a , or r e a c t i o n s 
between d i s s o l v e d c o n s t i t u e n t s and the s u r f a c e s of 
suspended p a r t i c l e s . The l a t t e r h y p o t h e s i s has some 
evidence i n i t s favour as f a r as the Tamar i s concerned as 
t h e r e are high l e v e l s of suspended matter and i t has 
a l r e a d y been shown t h a t the c o n c e n t r a t i o n s of d i s s o l v e d 
phosphor^-us are governed by r e a c t i o n s between d i s s o l v e d 
c o n s t i t u e n t s and the s u r f a c e s of suspended p a r t i c l e s 
( B u t l e r & T i b b i t t s 1972). 
The i n i t i a l programme of work i n the p r e s e n t study was to . 
examine the r e l a t i o n s h i p between d i s s o l v e d amino a c i d s and 
suspended p a r t i c l e s i n e s t u a r i n e waters. The o b j e c t was to 
determine whether physico - c h e m i c a l r e a c t i o n s c o u l d be 
r e s p o n s i b l e f o r the removal of amino a c i d s from the waters 
of the estuary. 
The Tamar E s t u a r y . 
The Tamar E s t u a r y which flows i n t o Plymouth Sound has two 
t r i b u t a r i e s , the Lynher and the Tavy. The t h r e e r i v e r s have 
a t o t a l catchment area of 1.5 x 109 metresS and 
i n the main they flow over Devonian and C a r b o n i f e r o u s rocks 
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o v e r l y i n g the Dartmoor g r a n i t e . The suspended matter i n the 
water ranges from 30-750 mg l - i and i n f a c t the 
t u r b i d i t y a t times i s such t h a t a S e c c h i D i s c cannot be 
seen a t 2 cm i n c o n t r a s t to about 20-30 metres i n l o c a l 
seas. Humic compounds with a s s o c i a t e d i r o n i n v a r i o u s forms 
reach high c o n c e n t r a t i o n s and i t i s not uncommon f o r the 
i r o n to be i n excess of 10 mg l - i . 
I t i s known from published r e s u l t s of l a b o r a t o r y 
experiments t h a t a t pH 8 i r o n I I I added to sea water a t 5 
mg 1-1 c o n c e n t r a t i o n s w i l l c o p r e c i p i t a t e d i s s o l v e d 
amino a c i d s (Tatsumoto e t a l . 1961; Park e t a l . 
1962; Chau & R i l e y 1966; R i l e y 1975). The f i r s t 
i n v e s t i g a t i o n s were t h e r e f o r e designed to t e s t the 
hypothesis t h a t t h i s could be a n a t u r a l removal process 
o c c u r r i n g i n Tamar waters and c o u l d account f o r the 
r e l a t i v e l y low l e v e l s of d i s s o l v e d o r g a n i c n i t r o g e n a l r e a d y 
mentioned. . 
For the. purpose of t h i s i n v e s t i g a t i o n i t was assumed t h a t 
amino a c i d c o n c e n t r a t i o n s i n Teimar waters would be w i t h i n 
an order of magnitude of t h a t found i n the l o c a l s e a s . 
Willaims (1975) r e p o r t s t o t a l amino a c i d c o n c e n t r a t i o n s to 
be about 0.2 x 10-6 moles 1-1 i n s e a water. 
Consequently the c o n c e n t r a t i o n of an i n d i v i d u a l amino a c i d 
would be expected to be about 1/20 of t h i s amount; t h a t 
would amount to approximately 10*^ molar. The amino 
a c i d a n a l y s e s were c a r r i e d out u s i n g the fluram method. 
T h i s method was known to be s u f f i c i e n t l y s e n s i t i v e to 
measure i n d i v i d u a l amino a c i d s a t environmental l e v e l s . 
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The fluram method. 
The fluram method f o r the e s t i m a t i o n of amino a c i d s i n s e a 
water was f i r s t r e p o r t ed by North (1975). I t was decided to 
i n v e s t i g a t e i t s a p p l i c a t i o n to amino a c i d measurements i n 
the waters of the Tamar E s t u a r y where pH and s a l i n i t y vary 
over a wide range. 
Fluram ( 4 - p h e n y l s p i r o ( f u r a n - 2 ( 3 ) , 1 ' - p h t h a l a n ) - 3 , 3 ' - d i o n e ) 
r e a c t s with amino a c i d s , peptides , p r o t e i n s and other 
primary amines to form i n t e n s e l y f l u o r e s c e n t products. The 
r e a c t i o n proceeds a t pH 8 - 9 i n aqueous s o l u t i o n a t room 




E x c e s s reagent i s hydrolysed to n o n - f l u o r e s c e n t water 
s o l u b l e products w i t h i n a minute. The g r e a t s e n s i t i v i t y of 
the method permits measurements of amino a c i d s to be made 
a t the picomole l e v e l (1 x 10-12 moles). The 
f l u o r e s c e n c e produced i s p r o p o r t i o n a l to amine 
c o n c e n t r a t i o n over a wide range and the fluorophores are 
s t a b l e f o r s e v e r a l hours (Weigele e t a l . 1972, 
Udenfriend e t a l . 1972). 
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The fluram method i s speedy and convenient to use and i s 
o u t l i n e d below. A n a l y t i c a l d e t a i l s of the method i n c l u d i n g 
the m o d i f i c a t i o n s d i s c u s s e d below are d e s c r i b e d on page 30, 
O u t l i n e procedure. 
An aqueous s o l u t i o n of an amino a c i d was mixed with borate 
b u f f e r (pH 10) and fluram reagent r a p i d l y added and mixed 
on a vortex mixer. The f l u o r e s c e n c e produced was measured 
u s i n g a f l u o r e s c e n c e spectrometer ( e x c i t a t i o n 390 nm, 
emission 475-490 nm) (Weigele e t a l . 1972, Udenfriend 
et a l . 1972). 
I n i t i a l l y measurements u s i n g sea water sp i k e d with standard 
amino a c i d s o l u t i o n s f o l l o w i n g the above procedure were not 
re p r o d u c i b l e . 
I n i t i a l o b s e r v a t i o n s . 
I n s p i t e of o b t a i n i n g good d u p l i c a t e r e s u l t s (+/- 3%) f o r a 
given experiment on a d a i l y b a s i s , i d e n t i c a l experiments 
c a r r i e d out on d i f f e r e n t days f a i l e d to gi v e r e p r o d u c i b l e 
r e s u l t s (Table 1.1). 
Table 1.1 
Table of resuJLts with day to day i n c o n s i s t e n c y . 
F l u o r e s c e n t S i g n a l , a r b i t r a r y u n i t s 
0.5 X 10-6 moles v a l i n e 
Day 1 86.7 Day 5 73.3 
Day 2 77.8 Day 6 64.8 
Day 3 54.5 Day 7 59.5 
Day 4 52.1 Day 8 56.8 
c o e f f i c i e n t of v a r i a t i o n +/- 16.8% 
Note 1: the c o e f f i c i e n t of v a r i a t i o n i s the standard 
d e v i a t i o n expressed as a percentage of the mean. 
Note 2: The f l u o r e s c e n t s i g n a l , ( s ee a n a l y t i c a l d e t a i l s , 
page 30), are a r b i t r a r y u n i t s based on the r e c o r d e r response 
s t a n d a r d i s e d to the Perkin-Elmer s o l i d f l u o r e s c i n g standard 
compound 610 and used throughout t h i s chapter. 
I t i s normal to f i n d a g r e a t e r degree of v a r i a b i l i t y of 
r e s u l t s f o r a n a l y s e s from day to day than w i t h i n a given 
experiment but an experimental e r r o r of +/- 17% from day to 
day was not considered to be s a t i s f a c t o r y and i t s cause was 
i n v e s t i g a t e d as f o l l o w s . 
P o s s i b l e causes of poor r e p r o d u c i b i l i t y . 
A p r e c i p i t a t e was formed when the reagent, which was 
d i s s o l v e d i n acetone, was added to sea water. The 
p r e c i p i t a t e was probably a l k a l i n e e a r t h hydroxides and i t 
was thought f l u o r e s c e n t y i e l d may have been a f f e c t e d by i t . 
However i t r e d i s s o l v e d with vigorous shaking or by adding 
d i s t i l l e d water as p r e v i o u s l y observed by Stephens (1975) 
and J o s e f s s o n e t a l . (1977). 
Other p o s s i b l e causes of the poor r e p r o d u c i b i l i t y may have 
been the r e s u l t of i n t e r f e r e n c e from d a y l i g h t , l a b o r a t o r y 
f l u o r e s c e n t tubes or perhaps from carbon d i o x i d e i n the a i r . 
a i r . 
The method, (see a n a l y t i c a l d e t a i l s , page 30), was found to 
be r e p r o d u c i b l e and gave a l i n e a r response when a i r and 
l i g h t were excluded and a e r o b i c contamination was avoided 
by u s i n g the ifollowing p r e c a u t i o n s : 
1. t i g h t l y stoppered r e a c t i o n v e s s e l s ; 
2. c o v e r i n g them w i t h aluminium f o i l ; 
3. vigorous shaking a f t e r adding the reagent. 
Under these c o n d i t i o n s the c o e f f i c i e n t of v a r i a t i o n was 
found to be +/- 3% from day to day. A l i n e a r response up to 
a t l e a s t 232 x 10-9 moles was obtained (Table 1.2, 
Table 1.3 & F i g . 1 . 1 ) . The upper l i m i t of the l i n e a r range 
was not determined. These r e s u l t s were c o n s i d e r e d to be 
a c c e p t a b l e . 
Table 1.2. 
R e p r o d u c i b i l i t y of f l u o r e s c e n t response 
(when e x c l u d i n g l i g h t , a i r and a e r o b i c contamination) 
F l u o r e s c e n t s i g n a l , a r b i t r a r y u n i t s 
0,5 x 1,0-6 moles g l y c i n e 
Day 1 74.2 74.2 
Day 2 79.0 77.4 
Day 3 73.1 74.2 
Day 4 78.5 75.8 
Day 5 79.0 79.0 
Day 6 77.4 79.6 
Mean valu e = 76.8 
Standard d e v i a t i o n =2.35 
C o e f f i c i e n t of v a r i a t i o n = +/- 3% 
Table 1.3. 
L i n e a r i t y of response t a b l e 
(when e x c l u d i n g l i g h t and a i r ) 
(sample s e n s i t i v i t y 10, pH 10) 
G l y c i n e Cone. F l u o r e s c e n t s i g n a l F l u o r e s c e n t s i g n a l 
a r b i t r a r y u n i t s l e s s blank 















L l n f l f l r i t y Qi amlDQ acid roapgnag 
(when e x c l u d i n g l i g h t and a i r ) ( T a b l e 1.3.) 
alop« = 0.151 
I n t e r c e p t = 0.000 











u o 3 
G l y c i n e c o n c e n t r a t i o n (n moles) 
The e f f e c t of carbon d i o x i d e . 
The e f f e c t of carbon d i o x i d e was b r i e f l y i n v e s t i g a t e d by 
comparing the r e l a t i v e f l u o r e s c e n c e of d u p l i c a t e 25 ml 
a l i q u o t s of sea water (pH 8.07) spiked with 0.5x10-6 
moles l y s i n e h y d r o c h l o r i d e w i t h d u p l i c a t e a l i q u o t s which 
were bubbled with carbon d i o x i d e f o r 90 seconds. The t e s t 
s o l u t i o n s became s l i g h t l y a c i d (pH 5.3) and were t h e r e f o r e 
n e u t r a l i s e d (2 molar NaOH) p r i o r to r e a c t i o n w i t h fluram 
u s i n g the standard c o n d i t i o n s (see page 30). A 13.6% 
i n c r e a s e i n f l u o r e s c e n c e was recorded (Table 1.4). 
A 22% i n c r e a s e i n f l u o r e s c e n c e was obtained f o r 
p h e n y l a l a n i n e a f t e r carbon d i o x i d e was bubbled f o r only 3 
seconds. (Table 1.4). 
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Table 1.4. 
The effect, of bubbling carbon d i o x i d e through a 
spiked sea water. 
F l u o r e s c e n t s j,final. 
a r b i t r a r y u n i t s 
C o n t r o l s 45.0 
44.8 
Te s t S o l u t i o n s 51.0 
51. 2 
The i n c r e a s e i n f l u o r e s c e n t s i g n a l was 13.6% 
Note: the c o n t r o l s were d u p l i c a t e d e t e r m i n a t i o n s of a s e a 
water spiked with 0.5x10-6 moles l y s i n e h y d r o c h l o r i d e ; 
the t e s t s o l u t i o n s were .duplicate a l i q u o t s of the c o n t r o l s 
which had had carbon d i o x i d e gas bubbled through them f o r 90 
seconds. 
C o n t r o l s 57.5 
57. 5 
Te s t S o l u t i o n s 70.0 
70.4 
The i n c r e a s e i n f l u o r e s c e n t s i g n a l was 22% 
Note: the c o n t r o l s were d u p l i c a t e d e t e r m i n a t i o n s of a sea 
water spiked w i t h 0.5x10-6 moles ph e n y l a l a n i n e ; 
the t e s t s o l u t i o n s were d u p l i c a t e a l i q u o t s of the c o n t r o l s 
which had had carbon di o x i d e gas bubbled through them f o r 3 
seconds. 
The e f f e c t of d a y l i g h t and f l u o r e s c e n t tubes. 
The e f f e c t of l i g h t on day to day f l u c t u a t i o n s i n 
f l u o r e s c e n c e was not examined i n d e t a i l s i n c e r e p r o d u c i b l e 
r e s u l t s (+/- 3%) were obtained by c o v e r i n g the r e a c t i o n 
v e s s e l s with aluminium f o i l to p r o t e c t them from l i g h t and 
ex c l u d i n g excess a i r by keeping them t i g h t l y stoppered. 
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E q u i v a l e n t f l u o i r e s c e n t y i e l d s of s e v e r a l amino a c i d s . 
Large d i f f e r e n c e s of f l u o r e s c e n t y i e l d were found f o r the 
v a r i e t y of amino a c i d s used i n t h i s study. D i f f e r e n c e s of 
up to 5 times i n f l u o r e s c e n c e i n t e n s i t y were found f o r 
equimolar amounts f o r d i f f e r e n t amino a c i d s a t pH 7.9-8.2 
(Table 1.5). 
Table 1.5. 
E q u i v a l e n t f l u o r e s c e n t yi€ aids of amino a c i d s 
Amino Acid F l u o r e s c e n c e Blank C o r r e c t e d S e n s i t i v i t y 
s i g n a l , Value Set t i ng a r b i t r a r y u n i t s Lys HCl 45.0 15.0 
44.8 14.5 30 10 
Phe 57. 5 12.5 
57.5 12.5 45 10 
Asp 62. 5 37. 5 
62.0 37.5 8 30 
Glu 83.0 43. 5 
81.0 45.0 13 30 
Gly 33.0 11.5 
33.0 10. 5 22 10 
Met 41.0 12.0 
42.0 11.0 30 30 
Tyr 58.0 10.0 
53. 5 10.0 46 10' 
Note: the c o r r e c t e d v a l u e g i v e s the r e l a t i v e f l u o r e s c e n c e 
of each amino a c i d d e r i v a t i v e e q u i v a l e n t to a measurement 
made with a sample s e n s i t i v i t y s e t t i n g of 10 on the 
f l u o r i m e t e r . The s e n s i t i v i t y s e t t i n g f o r i n d i v i d u a l 
measurements i s given i n the l a s t column. 
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The e f f e c t of s a l i n i t y on f l u o r e s c e n c e . 
A s a l i n i t y g r a d i e n t from 0 to 35 can be found by t r a v e r s i n g 
an e s t u a r y from the f r e s h w a t e r end to the marine end 
(Burton 1978). I t was thought l i k e l y t h a t changes of i o n i c 
s t r e n g t h would a f f e c t f l u o r e s c e n t y i e l d s under the 
c o n d i t i o n s of the standard fluram procedure. The e f f e c t of 
d i s s o l v e d s a l t s on the f l u o r e s c e n c e of a number of amino 
a c i d s was t h e r e f o r e examined. 
Sea water was d i l u t e d w i t h d i s t i l l e d water to g i v e a range 
of d i f f e r e n t s a l i n i t i e s . 
The f l u o r e s c e n c e response remained almost unchanged w i t h i n 
the s a l i n i t y range from 35 to 17 but the i n t e n s i t y then 
r a p i d l y decreased as the s a l i n i t y approached zero (Table 
1.6). 
The e f f e c t of PH on f l u o r e s c e n c e . 
Water of r e l a t i v e l y low pH (about pH 6.5) e n t e r s the 
e s t u a r y from moorland streams a t the f r e s h w a t e r end. At the 
marine end the pH approaches t h a t of sea water (about pH 
8.5), consequently a pH g r a d i e n t can be observed along the 
l e n g t h of the e s t u a r y (Morris e t a l . 1982). 
I t was p r e d i c t e d t h a t amino a c i d f l u o r e s c e n c e would change 
with pH. Consequently the e f f e c t of pH on f l u o r e s c e n t 
response was examined. 
Sea water was t i t r a t e d w i t h a c i d (0.1 molar HCl) or a l k a l i 
(0.1 molar NaOH) to g i v e waters with a range of pH. 
F l u o r e s c e n c e was found to i n c r e a s e as the pH was r a i s e d . A 
maximum response was observed a t about pH 9 ( T a b l e 1.7). 
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Table 1.6. 
The e f f e c t of s a l i n i t y on f l u o r e s c e n t response. 
Conc e n t r a t i o n 100% 50% 25% 
of amino a c i d Sea Water Sea Water Sea Water 
G l y c i n e 
237 n moles 44.0 44.0 21.0 s.b.p. 7 nm 
158 n moles 33.0 31.0 12.0 sens. 3 
79 n moles 17.0 17.0 6.0 
Ph e n y l a l a n i n e 
233.1 n moles 54.0 52.0 26.0 s.b.p. 7 nm 
155.4 n moles 38.0 35.0 15.0 sens'. 3 
77.7 n moles 21.0 19.0 6.0 
L y s i n e HCl 
233.7 n moles 47.0 45.0 19.0 s.b.p. 8 nm 
155.4 n moles 38.0 33.0 13.0 sens. 3 
77.9.n moles 19.0 14.0 4.0 
V a l i n e 
227 n moles 35.0 34.0 12.0 s.b.p. lOnm 
151.8 n moles 22.0 20.0 7.0 sens. 10 
75.7 n moles 13.0 12.0 4.0 
Note: sens, i s the sample s e n s i t i v i t y s e t t i n g of the 
f l u o r i m e t e r ; 
s.b.p. i s the s p e c t r a l band pass s e t on the f l u o r i m e t e r . 
Table 1.7. 
The varj-atjon of f l u o r e s c e n c e with change of pH 
F l u o r e s c e n t s i g n a l , pH 
a r b i t r a r y u n i t s f o r 





I t was thought t h a t t h e s e changes i n f l u o r e s c e n c e caused by 
d i f f e r e n c e s of pH and s a l i n i t y c o u l d be overcome by the 
a d d i t i o n of a b u f f e r to the water sample before r e a c t i o n . A 
r e l a t i v e l y l a r g e b u f f e r i n g c a p a c i t y was r e q u i r e d f o r waters 
a t the marine end of the e s t u a r y . The e f f e c t of adding 0.2 
molar borate b u f f e r (prepared by t i t r a t i n g 0.2 molar b o r i c 
a c i d to pH 10 with sodium hydroxide) to sea water was 
examined to determine whether i t was s u i t a b l e f o r t h i s 
purpose. 
The e f f e c t of b u f f e r i n g s e a water. 
5 ml borate b u f f e r were added to 20 ml sea water and the 
f l u o r e s c e n c e measured with fluram by the modified 
procedure. 
The c o e f f i c i e n t of v a r i a t i o n was found to be +/- 4.3% and a 
l i n e a r response up to 300x10-3 moles was obtained 
(Table 1.8, Table 1.9 & F i g . 1 . 2 ) . 
Consequently the a d d i t i o n of a 0.2 molar borate b u f f e r pH 
10 t o s e a water was found t o be s u i t a b l e f o r use i n t h i s 
i n v e s t i g a t i o n . 
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Table 1.6. 
The r e p r o d u c i b i l i t y of b u f f e r e d sea water. 
F l u o r e s c e n t s i g n a l , 
a r b i t r a r y u n i t s 
Day 1 98.8 97.2 
Day 2 100.5 100.5 
Day 3 102.0 107.6 
Day 4 107.6 107.6 
Day 5 103.2 108.7 
Day 6 105.4 105.4 
Mean value = 104.5 
Standard d e v i a t i o n = 4.51 
C o e f f i c i e n t of v a r i a t i o n = +/- 4.3% 
Note: thes e readings r e f e r to d u p l i c a t e measurements on 
d i f f e r e n t days of 5 ml 0.2 molar borate b u f f e r (pH 10) and 
20 ml of sea water sp i k e d w i t h 0.5x10-6 moles g l y c i n e . 
Table 1.9. 
The l i n e a r i t y of response of b u f f e r e d sea water. 
Concentration F l u o r e s c e n t s i g n a l , F l u o r e s c e n t s i g n a l 
of g l y c i n e s p i k e a r b i t r a r y u n i t s l e s s blank 












Blank 5.0 5.0 
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Fiffure 1.2. 
L i n e a r i t y of amino nnAA reaponae 
f o r b u f f e r e d aea watftr. 
olopo = 0.184 
i n t e r c e p t = 4.999 













G l y c i n e c o n c e n t r a t i o n (n molea) 
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The e f f e c t of b u f f e r i n g e s t u a r i n e waters 
The a d d i t i o n of borate b u f f e r to e s t u a r i n e waters w i t h a 
range of s a l i n i t i e s and pH was examined. Sea water was 
d i l u t e d with d i s t i l l e d water f o r thes e experiments to give 
waters with a range of i o n i c s t r e n g t h s . 
5 ml borate b u f f e r was added t o 20 ml e s t u a r y water p r i o r 
to r e a c t i o n f o l l o w i n g the modified procedure ( s e e page 30) 
A c o e f f i c i e n t of v a r i a t i o n of +/- 4.3% (Table 1.10) was 
obtained and t h i s was c o n s i d e r e d to be s a t i s f a c t o r y . 
Table 1.10. 
F l u o r e s c e n t response f o r b u f f e r e d sea water 
of d i f f e r e n t s a l i n i t i e s s p i k e d w i t h 
0.5x10-6 moles g l y c i n e . 
Sea Water F l u o r e s c e n t s i g n a l , 











Mean valu e = 102.9 
Standard d e v i a t i o n = 4.42 
C o e f f i c i e n t of v a r i a t i o n = +/- 4.3% 
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S i n c e the fluram method had been s a t i s f a c t o r i l y modified f o r 
use w i t h e s t u a r i n e waters i t was decided to examine the 
e f f e c t of adding a standard s o l u t i o n of i r o n to such waters 
spiked with an amino a c i d i n the l a b o r a t o r y . 
C o p r e c i p i t a t i o n experiments. 
The mechanism of c o p r e c i p i t a t i o n f o r the i s o l a t i o n of t r a c e 
metals from sea water and i t s a p p l i c a t i o n to marine o r g a n i c 
chemistry has been d e s c r i b e d by R i l e y (1975). 
I t was decided to use c o p r e c i p i t a t i o n procedures with i r o n 
I I I hydroxide based on p u b l i s h e d methods f o r the i s o l a t i o n 
of amino a c i d s from sea water (Tatsumoto e t a l . 1961; 
Park e t a l . 1962; Degens e t a l . 1964; Chau &. 
R i l e y 1966; R i l e y 1975). 
The e f f e c t of added i r o n on sea water spiked w i t h 
an amino a c i d . 
The a d d i t i o n of a s o l u t i o n of i r o n I I I c h l o r i d e (normally 1 
ml of 40x10-6 moles m l - i ) to s e a water (100 ml) 
s p i k e d with an amino a c i d a t i t s n a t u r a l pH caused an 
immediate p r e c i p i t a t e of i r o n I I I hydroxide. L i t t l e or no 
amino a c i d removal was observed from sea waters under thes e 
c o n d i t i o n s . 
I t was considered t h a t slower formation of the p r e c i p i t a t e 
might enhance amino a c i d removal. Therefore sea water was 
a c i d i f i e d with h y d r o c h l o r i c a c i d to pH 2.0-2.5 before the 
a d d i t i o n of f e r r i c c h l o r i d e s o l u t i o n to make the i r o n more 
s o l u b l e . The mixture was then g r a d u a l l y t i t r a t e d to pH 8 
with constant s t i r r i n g . 
A v a r i e t y of amino a c i d s with d i f f e r e n t s t r u c t u r e s were 
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t e s t e d f o l l o w i n g the procedure d e s c r i b e d but g e n e r a l l y only 
r e l a t i v e l y small changes i n amino a c i d f l u o r e s c e n c e were 
observed. Within the l i m i t s of experimental e r r o r two amino 
a c i d s showed a s i g n i f i c a n t l o s s of f l u o r e s c e n c e (Table 
1.11). About h a l f the a s p a r t i c a c i d and a q u a r t e r of the 
methionine were removed from s o l u t i o n under t h e s e 
c o n d i t i o n s . 
Some of the e a r l y workers fo l l o w e d the amino a c i d 
c o p r e c i p i t a t i o n procedure w i t h an a c i d h y d r o l y s i s s t e p thus 
determining both f r e e and combined amino a c i d s a t one step 
(Tatsumoto e t a l . 1961; Park e t a l . 1962). 
Consequently i t was decided to examine the e f f e c t of added 
i r o n on a p r o t e i n d i s s o l v e d i n s e a water. Egg albumin was 
found to be very s o l u b l e i n sea water and i n complete 
c o n t r a s t with f r e e amino a c i d s , and w i t h i n the l i m i t s of 
experimental e r r o r , i t was q u a n t i t a t i v e l y removed by 
c o p r e c i p i t a t i o n w i t h i r o n I I I (Table 1.11). 
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Table 1.11. 
The e f f e c t of i r o n added to sea water 
spiked with v a r i o u s amino a c i d s . 
F l u o r e s c e n t s i g n a l , a r b i t r a r y u n i t s 
Amino Standard Added I r o n Blank Change R a t i o se 
Acid S o l u t i o n % Fe/aa 
Phe 83. 5 85.0 12.0 + 2 13 1 10 
Lys 45.0 42. 5 15.0 -8 26 1 10 
Asp 62.3 48. 8 37. 5 -53 26 1 30 
Glu 82.0 76.0 44.0 -16 26 1 30 
Gly 33.0 28.8 11.0 -16 26 1 10 
Met 41 . 5 33. 5 11.0 -26 26 1 10 
Tyr 55. 8 49.8 10.0 -13 26 1 10 
Egg 62.0 42.5 38.0 -81 5 1 30 
Albumin 60.0 37. 5 40.8 -117 18 1 30 
Note: the r a t i o Fe/aa r e f e r s to the r e l a t i v e c o n c e n t r a t i o n s 
of added i r o n and amino a c i d ; sens, i s the sample 
s e n s i t i v i t y s e t t i n g of the f l u o r i m e t e r . 
The use of e s t u a r i n e mud f o r c o p r e c i p i t a t i o n . 
As l a b o r a t o r y produced i r o n p r e c i p i t a t e s f a i l e d to provide 
evidence, w i t h i n the l i m i t s of e x p e r i m e n t a l e r r o r , f o r any 
s i g n i f i c a n t amino a c i d removal i t was decided t o determine 
whether n a t u r a l m a t e r i a l s taken from the e s t u a r y i t s e l f 
would have a b e t t e r e f f e c t s i n c e the form of the i r o n i n the 
waters of the Tamar may be d i f f e r e n t . 
Two experiments were designed: 
1- Mud. 
I t was thought p o s s i b l e t h a t the sediments which c o n s i s t 
l a r g e l y of f i n e l y d i v i d e d m i n e r a l s might i n t e r a c t with 
d i s s o l v e d amino a c i d s i n the e s t u a r y . T h e r e f o r e the a d d i t i o n 
of Tamar sediment m a t e r i a l to sea water spiked with an amino 
a c i d was examined. 
The mud was washed to remove amino a c i d s by shaking 1 gm 
with 100 ml sea water f o r a few minutes. I t was c e n t r i f u g e d 
21 
and the supernatant t e s t e d w i t h fluram (see page 30). A 
small amount of amino a c i d was removed by washing 
(0.26x10-6 moles i n g l y c i n e e q u i v a l e n t s ) . 
A f i l t e r e d sea water, spiked w i t h g l y c i n e (0.5x10-6 
moles), was l e f t i n c o n t a c t w i t h the washed n a t u r a l sediment 
m a t e r i a l with c o n s t a n t s t i r r i n g . A f t e r one hour i t was 
c e n t r i f u g e d . L i t t l e d i f f e r e n c e i n f l u o r e s c e n c e was observed 
between a standard c o n t r o l and the supernatant (Table 1.12). 
T h i s c l e a r l y shows t h a t t h i s sample of mud under the 
c o n d i t i o n s d e s c r i b e d d i d not remove any amino a c i d from sea 
water. 
Table 1.12. 
The r e s u l t s of spiked sea water mixed with mud. 
Sample F l u o r e s c e n c e s i g n a l , 
a r b i t r a r y u n i t s l e s s blank 
1st supernatant 39.0 14.5 
40.0 15.5 
0.5x10-6 moles Gly 51.5 27.0 
51.0 26.5 
0.5x10-6 moles Gly 53.5 29.0 
+ mud supernatant 53.5 29.0 
Blank 24.5 
24.5 
Note: 1 s t supernatant r e f e r s to the f l u o r e s c e n t s i g n a l 
obtained from the sea water washings of the mud before i t s 
a d d i t i o n to the s e a water s p i k e d with 0.5x10-6 moles 
g l y c i n e , 
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2. 'Natural- i r o n . 
I n some areas of the e s t u a r y a red coloured d e p o s i t 
(probably mainly composed of haematite) can be observed. 
T h i s ' n a t u r a l * i r o n can be scraped from the s u r f a c e of muds 
shaken with sea water and l e f t to s e t t l e . 
The ' n a t u r a l i r o n ' was s t i r r e d w i t h spiked sea water f o r one 
hour and c e n t r i f u g e d . An a l i q u o t of the supernatant was 
t e s t e d with fluram (see page 30). A second a l i q u o t was 
a c i d i f i e d (0.1 molar HCl) to d i s s o l v e the red m a t e r i a l . I t 
was then n e u t r a l i s e d (0.1 molar NaOH) to r e p r e c i p i t a t e the 
i r o n which was l e f t i n c o n t a c t w i t h the water f o r an hour 
with s t i r r i n g and then c e n t r i f u g e d . L i t t l e d i f f e r e n c e i n 
f l u o r e s c e n c e was observed between the two supernatants 
(Table 1.13). 
Table 1.13. 
The r e s u l t s of experiments w i t h ' n a t u r a l ' i r o n . 
Sample F l u o r e s c e n c e s i g n a l , 
a r b i t r a r y u n i t s 
1s t supernatant 63.0 
with 'Natural I r o n ' 62.0 
2nd supernatant 60.0 
a f t e r a c i d i f i c a t i o n 59.0 
D i s c u s s i o n of the l a b o r a t o r y work on the 
c o p r e c i p i t a t i o n of ami^no a c i d s w i t h i,ron. 
A number of chemical and p h y s i c a l parameters v a r y over wide 
ranges i n the e s t u a r y . For example the d i s s o l v e d s a l t 
c o n c e n t r a t i o n s can range from l e s s than 0.1 to more than 30 
gm 1-1 . The t r a n s i t i o n from f r e s h to s a l t c o n d i t i o n s 
a l s o i n v o l v e s s i g n i f i c a n t changes i n pH. Sea water i s 
g e n e r a l l y pH 8.0-8.5 whereas r i v e r waters are more v a r i a b l e 
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with v a l u e s as low as pH 5.0 (Burton ( 1 9 7 8 ) ) . Consequently 
the fluram method (North (1975)) f o r the e s t i m a t i o n of amino 
a c i d s i n sea water had to be e v a l u a t e d t o determine whether 
i t was s u i t a b l e f o r making measurements under such v a r i a b l e 
c o n d i t i o n s . 
I n i t i a l l y u s i n g North's (1975) method with sp i k e d sea water 
day to day i n c o n s i s t e n c i e s were found. T h i s l a c k of 
r e p r o d u c i b i l i t y was d i f f i c u l t to e x p l a i n . Among the reasons 
con s i d e r e d was the p o s s i b l e i n t e r f e r e n c e of carbon d i o x i d e 
i n the a i r on f l u o r e s c e n c e production. I t s e f f e c t was 
b r i e f l y examined by bubbling amino a c i d s o l u t i o n s i n sea 
water with carbon di o x i d e which appeared to cause an 
enhancement of the f l u o r e s c e n t s i g n a l but needs f u r t h e r 
i n v e s t i g a t i o n . I t was thought p o s s i b l e t h a t an u n p r e d i c t e d 
i n t e r f e r e n c e d e r i v e d from d a y l i g h t or f l u o r e s c e n t tubes 
could have been one cause f o r the v a r i a b l e responses. 
S i m i l a r l y a e r o b i c contamination of the samples may have been 
a cause f o r the l a c k of r e p r o d u c i b i l i t y . However, f o l l o w i n g 
the p r a c t i c e of c o v e r i n g the r e a c t i o n v e s s e l s w i t h aluminium 
f o i l and keeping them t i g h t l y stoppered r e p r o d u c i b l e r e s u l t s 
were obtained and t h e s e e f f e c t s were not i n v e s t i g a t e d 
f u r t h e r . 
A wide range of f l u o r e s c e n t responses f o r d i f f e r e n t amino 
a c i d s was noted. These d i f f e r e n c e s of r e l a t i v e f l u o r e s c e n t 
i n t e n s i t i e s f o r amino a c i d s of d i f f e r e n t s t r u c t u r e s i n 
equimolar q u a n t i t i e s were i n good agreement w i t h those 
quoted by North (1975) and Stephens (1975). 
The measured v a l u e s expressed i n g l y c i n e e q u i v a l e n t s were: 
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Asp 0.36 Glu 0.59 Gly 1.00 Lys 1.36 
Met 1.36 Phe 2.04 Tyr 2.09 
The v a r i a b l e responses of i n d i v i d u a l amino a c i d s made 
q u a n t i t a t i o n of a n a t u r a l sample of unknown composition 
d i f f i c u l t , p a r t i c u l a r l y as other compounds a l s o r e a c t w i t h 
fluram. However, Stephens (1975) r e p o r t e d t h a t the r e l a t i v e 
f l u o r e s c e n t responses of compounds such as p r o t e i n s and 
peptides had r a t h e r lower y i e l d s and consequently were 
u n l i k e l y t o i n t e r f e r e s i g n i f i c a n t l y w i t h environmental 
measurements. 
The examination of s a l i n i t y e f f e c t s showed t h a t no 
s i g n i f i c a n t change i n response o c c u r r e d between 35 and 17. 
But as the s a l i n i t y was f u r t h e r reduced the f l u o r e s c e n c e 
a l s o f e l l . 
The i n t e n s i t y of f l u o r e s c e n c e response was a l s o dependent 
on pH. As the pH was r a i s e d from 7 the f l u o r e s c e n c e 
i n c r e a s e d and reached a maximum a t pH 9. Other experiments 
showed t h a t above pH 9 i t remained steady w i t h no f u r t h e r 
i n c r e a s e . T h i s pH dependence and maximum response a t pH 9 
was i n good agreement with other p u b l i s h e d r e p o r t s 
(Udenfriend e t a l . 1972; Weigele e t a l . 1972; 
North 1975; Stephens 1975). The s a l i n i t y and pH e f f e c t s 
were overcome by the a d d i t i o n of a bora t e b u f f e r to the 
water under t e s t p r i o r to a n a l y s i s . 
Consequently the modified Fluram method was cons i d e r e d to 
be s u i t a b l e f o r the e s t i m a t i o n of b u f f e r e d e s t u a r i n e water 
spiked with a s i n g l e amino a c i d . 
I n i t i a l experiments on the c o p r e c i p i t a t i o n of amino a c i d s 
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showed t h a t polypropylene c e n t r i f u g e tubes gave some 
i n c o n s i s t e n t r e s u l t s , p o s s i b l y due to p l a s t i c i s e r s l e a c h i n g 
from the w a l l s . Consequently only g l a s s apparatus was used 
f o r these experiments. 
Q u a n t i t a t i v e c o p r e c i p i t a t i o n was not achieved by the 
a d d i t i o n of i r o n I I I (or i r o n I I ) to a sea water spiked 
with an amino a c i d f o l l o w i n g p u b l i s h e d procedures. Under 
the c o n d i t i o n s d e s c r i b e d the aromatic a c i d p h e n y l a l a n i n e 
was not removed. The b a s i c amino a c i d l y s i n e , the n e u t r a l 
amino a c i d g l y c i n e and the aromatic amino a c i d t y r o s i n e 
showed l o s s e s of between 8 and 19%. Within the l i m i t s of 
experimental e r r o r these l o s s e s were not c o n s i d e r e d to be 
s i g n i f i c a n t . However i n the case of the sulphur amino a c i d 
methionine a l o s s of 26% was observed and f o r the a c i d i c 
amino a c i d s a s p a r t i c a c i d and glutamic a c i d l o s s e s of 53% 
and 16% were recorded. For methionine and a s p a r t i c a c i d the 
l o s s e s c l e a r l y showed an i n t e r a c t i o n w i t h the f l o c c u l a t i n g 
i r o n under the c o n d i t i o n s of the experiment. The amount of 
amino a c i d removed was not a f f e c t e d by doubling or more the 
c o n c e n t r a t i o n of added i r o n . 
T h i s o b s e r v a t i o n and the d i s s i m i l a r behaviour of the two 
a c i d i c amino a c i d s was d i f f i c u l t t o e x p l a i n . But 
n e v e r t h e l e s s the percentage l o s s e s a r e comparable with 




The percentage c o p r e c i p i t a t i o n of amino a c i d s 
w i t h i r o n . 
Amino Present work Chau ' 
a c i d a t pH 8 a t pH 
Phe + 2 
Lys - 8 - 19 
Asp - 53 
Glu - 16 - 18 
Gly - 19 - 16 
Met - 26 
Tyr - 13 
Al a - 24 
Chau & R i l e y (1966) examined the e f f e c t of a v a r i e t y of 
d i f f e r e n t metal hydroxides and a range of pH v a l u e s on the 
e f f i c i e n c y of amino a c i d c o p r e c i p i t a t i o n from s e a water. 
They concluded t h a t although i r o n had been used to i s o l a t e 
amino a c i d s from sea water i t s e f f i c i e n c y as a 
c o p r e c i p i t a n t f o r n e u t r a l and b a s i c amino a c i d s was low and 
i n f e r i o r to t h a t of aluminium and g a l l i u m . T h e i r r e s u l t s 
show t h a t the percentage c o p r e c i p i t a t i o n v a r i e d g r e a t l y 
w i t h pH and was a t a maximum i n the range 7-8 as used i n 
t h i s i n v e s t i g a t i o n . 
Chau & R i l e y (1966) found t h a t d i f f e r e n t groups of amino 
a c i d s were more e f f i c i e n t l y removed a t d i f f e r e n t pH v a l u e s 
and i t was p o s s i b l e t o p r e d i c t t h a t i n the lower s a l i n i t y 
r e g i o n s the a c i d i c amino a c i d s should be p r e f e r e n t i a l l y 
removed s i n c e i n t h e s e r e g i o n s the pH was lower. S i m i l a r l y 
i n the higher s a l i n i t y water the b a s i c and n e u t r a l amino 
a c i d s might be more q u i c k l y l o s t . 
Chau & R i l e y (1966) s t a t e d t h a t i n most i n s t a n c e s the 
maximum recovery of amino a c i d s d id not exceed 50%. Indeed 
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f o r i r o n a t a pH between 6-8 they found a maximum removal 
of only 33% and consequently i f c o p r e c i p i t a t i o n i s a 
n a t u r a l process i n the e s t u a r y then the t o t a l l o s s may only 
be s m a l l . S i n c e i r o n I I I forms a n e g a t i v e l y charged c o l l o i d 
a t pH 8 and most amino a c i d s would a l s o be n e g a t i v e l y 
charged i t was not a l t o g e t h e r s u r p r i s i n g t h a t l i t t l e 
removal was observed. 
W h i l s t i t was not easy to s p e c u l a t e on the mechanism of 
amino a c i d removal i t was even more d i f f i c u l t to a s s e s s 
whether or not c o p r e c i p i t a t i o n w i t h i r o n was a n a t u r a l 
process. The experiments w i t h sediment m a t e r i a l and 
' n a t u r a l ' i r o n d e p o s i t s f a i l e d to provide any evidence f o r 
s i g n i f i c a n t amino a c i d removal by t h i s means. 
I n c o n t r a s t with the behaviour of amino a c i d s , a d i s s o l v e d 
p r o t e i n was q u a n t i t a t i v e l y removed from seawater by 
c o p r e c i p i t a t i o n with i r o n . C o n t r o l experiments without the 
a d d i t i o n of i r o n to the s o l u t i o n of p r o t e i n i n sea water 
were not.conducted but the evidence suggests t h a t molecules 
of h igher molecular weight than amino a c i d s can be 
e f f e c t i v e l y removed by t h i s mechanism. Mantoura a t a l . 
(1978) have shown t h a t such h i g h molecular weight o r g a n i c 
compounds as humic m a t e r i a l were removed from s o l u t i o n by 
complexation with d i s s o l v e d t r a c e metals i n the e s t u a r y and 
i t seemed l i k e l y t h e r e f o r e t h a t d i s s o l v e d p r o t e i n c o u l d 
show a s i m i l a r behaviour. 
I n view of the r e s u l t s of t h e s e l a b o r a t o r y experiments and 
the l a c k of evidence f o r l a r g e s c a l e amino a c i d removal 
under the c o n d i t i o n s d e s c r i b e d i t must be assumed t h a t 
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B u t l e r & T i b b i t t s ' (1972) o b s e r v a t i o n of d i s s o l v e d o r g a n i c 
n i t r o g e n l o s s e s from the waters of the Tamar e s t u a r y must 
be by some other mechanism or p o s s i b l y not i n v o l v e any 
amino a c i d s . 
I n order to determine the nature of t h i s removal pr o c e s s i t 
was proposed to measure the amino a c i d l e v e l s i n the Tamar 
and r e l a t e the c o n c e n t r a t i o n s t o other chemical and 
p h y s i c a l parameters and p a r t i c u l a r l y p a r t i c u l a t e m a t e r i a l s . 
U n f o rtunately the Fluram method was not s u i t a b l e f o r the 
measurement of a mixture of amino a c i d s due t o the l a r g e 
d i f f e r e n c e s of f l u o r e s c e n t response f o r i n d i v i d u a l a c i d s 
(Dawson & L i e b z e i t 1981). I t was decided, t h e r e f o r e , to 
r e a p p r a i s e p r e v i o u s l y p u b l i s h e d methods f o r the amino a c i d 
a n a l y s i s of sea and e s t u a r i n e water to f i n d an a l t e r n a t i v e 
a n a l y t i c a l procedure s u i t a b l e f o r t h i s work. 
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The a n a l y t i c a l d e t a i l s of the modified procedure 
of the Fluram method f o r the amino a c i d a n a l y s i s 
of sea water. 
P r e p a r a t i o n of amino acji,d stand^yd s t o c k 
s o l u t i o n s . 
Standards of i n d i v i d u a l amino a c i d s of v a r i o u s s t r u c t u r e s 
were d i s s o l v e d i n d i s t i l l e d water to g i v e 10-3 molar 
s o l u t i o n s . These were s t o r e d a t 4 deg. C and were found to 
be s t a b l e f o r about a week! 
For the experimental work 1.5. ml of the sto c k s o l u t i o n were 
made up to 100 ml wi t h f i l t e r e d sea water (0.45 pm) to give 
a f i n a l c o n c e n t r a t i o n of 15 x 10" 8 molar added amino 
a c i d . 
PyoQQd^^e u s i n g 25 T^I x 10-^ moX^x added 
amino a c i d s o l u t i o n . 
1. The instrument, a P e r k i n Elmer MPF3 f l u o r e s c e n c e 
spectrometer, was switched on 1 hour before use to 
s t a b i l i s e and was s e t up i n the r a t i o mode. 
2. D u p l i c a t e 25 ml a l i q u o t s of the amino a c i d t e s t 
s o l u t i o n s and d u p l i c a t e 25 ml blanks of f i l t e r e d sea water 
i n v o l u m e t r i c f l a s k s were completely covered w i t h aluminium 
f o i l and kept t i g h t l y stoppered. 
3. The f l a s k s were e q u i l i b r a t e d a t 25 deg. C i n a water 
bath f o r 10 minutes. The temperature of the c e l l 
compartment of the instrument was kept a t 25 deg. C. 
4. The instrument was c a l i b r a t e d w i t h a P e r k i n Elmer s o l i d 
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f l u o r e s c i n g standard (compound 610) by a d j u s t i n g the 100% 
sample a d j u s t c o n t r o l to o b t a i n a r e c o r d e r d e f l e c t i o n of 30 
u n i t s . 
( E x c i t a t i o n 390 nm, e m i s s i o n 480 nm, s p e c t r a l band pass 8 
nm and a sample s e n s i t i v i t y of 10). 
5. P a i r s of f l a s k s were removed from the water bath, wiped, 
and 0.5 ml fluram reagent added q u i c k l y (30 mg fluram 
(Roche)/100ml acetone ( A R ) ) . The f l a s k s were restoppered 
and shaken v i g o r o u s l y to ensure r a p i d mixing and l e f t to 
stand f o r 1 minute. The quartz c e l l s were r i n s e d with the 
t e s t s o l u t i o n s before f i l l i n g and capping. 
6. The f l u o r e s c e n c e was measured and recorded u s i n g an 
appropriate sample s e n s i t i v i t y s e t t i n g . 
Procedure f o r b u f f e r i n g sea water. 
5 ml borate b u f f e r (0.2 molar, pH 10) was added to each 
f l a s k before adding any s p i k e d sea water or d i s t i l l e d water 
f o r reagent blanks ( f i n a l pH 9.5). 
?rocedMre f o r the experiments w i t h added i r o n . 
P r e p a r a t i o n of a c i d i f i e d sea water. 
F i l t e r e d sea water of known pH was t i t r a t e d to pH 2.0-2.5 
with 0.1 molar h y d r o c h l o r i c a c i d . 
P r e p a r a t i o n of amino a c i d s o l u t i o n with added 
An a p p r o p r i a t e volume of i r o n I I I c h l o r i d e s o l u t i o n 
(normally 1ml of 40x10-6 moles ml-i i r o n ) was 
added to a c i d i f i e d sea water (100 ml) s p i k e d w i t h an amino 
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a c i d . I t was n e u t r a l i s e d c a r e f u l l y to the o r i g i n a l pH w i t h 
0.1 molar sodium hydroxide w i t h c o n s t a n t s t i r r i n g u s i n g a 
g l a s s covered magnetic f o l l o w e r . I t was c e n t r i f u g e d i n 
g l a s s c e n t r i f u g e tubes a f t e r one hour of c o n t a c t between 
the t e s t s o l u t i o n and the p r e c i p i t a t e . The d u p l i c a t e 
a l i q u o t s (25 ml) of the supernatant and blanks without 
added i r o n were then analysed f o r amino a c i d w i t h fluram as 
above. 
Procedure f o r experiments w i t h ' n a t u r a l ' i r o n . 
100 mg red d e p o s i t ( ' n a t u r a l i r o n ' ) was s t i r r e d w i t h 100 ml 
spiked sea water (0.5x10-6 moles g l y c i n e ) a t pH 8 f o r 
one hour and then c e n t r i f u g e d . 
D u p l i c a t e a l i q u o t s (25 ml) of the supernatant were r e a c t e d 
with fluram as above. 
The r e s t of the supernatant w i t h the red d e p o s i t was 
a c i d i f i e d to pH 2 with 0.1 molar h y d r o c h l o r i c a c i d which 
d i s s o l v e d the ' i r o n * . The s o l u t i o n was t i t r a t e d t o pH 8.1 
and was s t i r r e d with the p r e c i p i t a t e f o r one hour. A f t e r 
c e n t r i f u g i n g the supernatant was t e s t e d w i t h fluram as 
above. 
Procedure f o r experiments w i t h e s t u a r i n e 
sec^jments, 
A sample of e s t u a r i n e mud was c e n t r i f u g e d (RCF v a l u e 38000) 
f o r 30 minutes to remove i n t e r s t i t i a l water which was 
d i s c a r d e d . 
The mud was washed with sea water and r e c e n t r i f u g e d . The 
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supernatant showed some amino a c i d r e l e a s e . 
The s o l i d (1 gm. wet weight) was s t i r r e d w i t h 100 ml spiked 
sea water (0.5x10-6 moles g l y c i n e ) f o r one hour and 
c e n t r i f u g e d . 
D u p l i c a t e a l i q u o t s (25 ml) of the supernatant, d i s t i l l e d 
water blanks and c o n t r o l s (without added mud) were r e a c t e d 
with fluram as above. 
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Ch^PtQJT 2. 
THE DEVELOPMENT OF THE NEW HPLC METHOD FOR THE 
MAI^YSIg OF AMINO ACIDS SEA WATER. 
A c r i t i c a l r e a p p r a i s a l of previous methods used f o r the 
a n a l y s i s of eunino a c i d s i n sea water h i g h l i g h t e d the f a c t 
t h a t many of the procedures employed had been obliged t o 
inco r p o r a t e o p e r a t i o n s which could have l e d to i n a c c u r a c i e s 
i n the determinations. 
Williams (1975) reviewed the occurrence of amino a c i d s i n 
sea water and expressed the then g e n e r a l l y accepted view 
t h a t the c o n c e n t r a t i o n of t o t a l amino a c i d s i n sea water 
was around 2 x 10"'' molar. Thus i n d i v i d u a l amino a c i d s 
would g e n e r a l l y be pr e s e n t a t a c o n c e n t r a t i o n of about an 
order of magnitude l e s s than t h i s . C o n c e n t r a t i o n s of t h i s 
l e v e l were below the l i m i t s of d e t e c t i o n of the amino a c i d 
a n a l y s i s methods, even those based on the ion exchange 
procedure of Moore & S t e i n (1958), then i n use. An 
a d d i t i o n a l problem was the presence i n sea water of 
in o r g a n i c ions. At a t o t a l c o n c e n t r a t i o n of around 0.6 
molar, approximately a 10^ to 10® f o l d e x c e s s 
over any i n d i v i d u a l amino a c i d , s a l t s were capable of 
s e v e r e l y i n t e r f e r i n g w ith a n a l y t i c a l methods. Thus i t was 
recognised e a r l y on t h a t both sample c o n c e n t r a t i o n and 
d e s a l t i n g appeared t o be n e c e s s a r y p r e l i m i n a r y 
pretreatments of sea water samples p r i o r t o a n a l y s i s . A 
wide v a r i e t y of methods f o r the a n a l y s i s of amino a c i d s i n 
sea water have been r e p o r t e d i n the l i t e r a t u r e . These are 
summarised i n Table 2.1 
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Table 2 .1 continued 
Reference Method Volume F i l t e r Sample Method D e s a l t i n g T o t a l 
of of Type P r e s e r v a t i o n of Procedure L e v e l 
A n a l y s i s Sample Method I s o l a t i o n Measured 
U n i t e : 10"® moles l'^ 
Kawahara & G.C. lOfi, GF/C Frozen As e a t e r Dowex 50 0 . 3 3 - 0 . 9 2 
Maltas (1971) 




I . E . Ifi, 0 .^5 pni Frozen I . E . 0.20-6.00 
Pock l l n g t o n G.C. 2&Z 0.^15 Frozen S0% a l e . I . E . 0.06-0.^17 
(1972) 
C l a r k e t TLC 
a l . (1972) 
0 . 1 5 ym Frozen Chelex Dowex 50 0.5^*-3.68 
Lee & Bada I . E . 21 GF/C 
(1975) 





Fluram 50ml 0.^5 \sm Frozen 
I . E . 0 . 5 pm Frozen Chelex 
0 . 3 0 - 1 . 3 0 
0 . 3 9 - 2 . 8 3 
Lee & Bada I . E . 3fi- GF/C 
(1977) 
J o s e f a s o n CPA 
et a l . ( 1977) 
Yes Toluene 
DawBon & I . E . 2Z 0.2 ym Frozen 
Goche ( 1978 ) 
Chelex 




0 . 2 0 - 0 . 5 0 
Dowex 50 0 . 1 3 - 0 . 3 9 
0 . 6 0 
Marchelldon I . E , 
et a l . (1978) 
0.22 um Frozen Chelex 0.82-2.26 
Dawson & I . E . 2Z 0.22 ym Frozen 
P r l t c h a r d (1978) 
Naletova 
(1979) 
Dowex 50 0.05-0.8^* 
pentachlorophenol 
100ml 0.^ *5 urn D a n s y i a t i o n 0.30-2.^40 
G a r r a s l et I . E . 1-21 0.^ *5 ym 
a l . (1979) 
D i r e c t 
I n j e c t i o n 
0 . 1 9 - 0 . 5 6 
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Table 2 . 1 . continued 
Reference Method Volume F i l t e r 
of of 
A n a l y s i s Sample 
P r e s e r v a t i o n of 
Method I s o l a t i o n 
Brockmann I . E . 
et a l . (1979) 




I t t e k k o t 
(1982) 
K e l l e r e t 
a l . (1982) 
HPLC 
I . E 
G.C. 
U 0.ii5 um CHCI3 




Mopper & HPLC 500 No 
Lln d r o t h (1982) 
Sample Method D e s a l t i n g T o t a l 
Procedure L e v e l 
Measured 
U n i t s : 10'® moles H'^ 
0 . 2 0 - 3 . 1 0 
0 . 0 2 - 0 . 1 7 
0 . 5 0 - 1 . 9 0 
0 . 1 0 - 0 . 8 5 
0 . 2 0 
0 . 0 3 - 0 . 5 0 
D i r e c t 
I n j e c t i o n 
D i r e c t 
I n j e c t i o n 
Chelex Dowex 50 
Key: 
P.C. paper chromatography 
I . E . ion exchange chromatography 
G.C. gas l i q u i d chromatography 
HPLC high performance l i q u i d chromatography 
TLC t h i n l a y e r chromatography 
Pluram Pluram method f o r t o a l amines 
CPA o-phthaldlaldehyde method f o r t o t a l amines 
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The column headings of Table 2.1 draw a t t e n t i o n t o the main 
as p e c t s of the a n a l y s i s of amino a c i d s i n sea water. These 
are considered below. 
1. Sample c o l l e c t i o n and volume. 
In general, samples f o r the a n a l y s i s of the water column 
were taken a t depths l a i d down by the I n t e r n a t i o n a l 
A s s o c i a t i o n on P h y s i c a l Oceanography i n 1936. Normally 
sample s t a t i o n s on a g r i d were used to c o l l e c t water of a 
p a r t i c u l a r sea area . The a n a l y s i s of samples taken a t 
v a r i o u s depths on the g r i d provided a t h r e e dimensional 
map. 
Two of the major problems which arose i n sampling were 
d e s c r i b e d by R i l e y (1975); t h e s e were: 
A. How to ensure the sample was r e p r e s e n t a t i v e of the water 
mass being sampled. 
B. How to ensure the sample was f r e e from contamination by 
a r t i f a c t s . 
A, Selecti,on of r e p r g ^ ^ p t ^ t i v e sampl^^, 
The s e l e c t i o n and s i z e of samples from uniform m a t e r i a l s 
followed a w e l l e s t a b l i s h e d procedure to determine the 
amount of a given component. 
I n the case of inhomogeneous m a t e r i a l s such as the sea, the 
procedure was l e s s c l e a r and r e l i e d on a s t a t i s t i c a l 
approach to determine the degree of inhomogeneity and 
amount of a p a r t i c u l a r component. 
I n t e n s i v e sampling programmes were needed f o r sea water 
c o l l e c t e d f o r m i c r o n u t r i e n t a n a l y s i s s i n c e the temporal and 
s p a t i a l d i s t r i b u t i o n of the s e compounds was very v a r i a b l e . 
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However the number of s t a t i o n s sampled i n p r a c t i c e normally 
depended on the r a t e a t which samples could be a n a l y s e d i f 
they were unstable, or whether they could be s t o r e d 
e f f e c t i v e l y f o r l a t e r a n a l y s i s . These p r a c t i c a l 
d i f f i c u l t i e s tended e i t h e r to r e s t r i c t the a r e a 
i n v e s t i g a t e d or reduce the number of samples c o l l e c t e d . 
E a r l y techniques f o r the amino a c i d a n a l y s i s of s e a water 
were lengthy procedures, i n some c a s e s needing s e v e r a l 
days, and consequently only v e r y few samples c o u l d be 
analysed. Also, due to t h e i r r e l a t i v e l y i n s e n s i t i v e 
a n a l y t i c a l techniques i t was n e c e s s a r y to c o l l e c t very 
l a r g e volumes of sea water. These could be up to 2001 and 
t h e r e f o r e i n v o l v e d lengthy work up procedures. More r e c e n t 
methods, as a r e s u l t of improved a n a l y t i c a l t e c h n i q u e s , 
r e q u i r e d much s m a l l e r volumes ( l e s s than 1ml) ( T a b l e 2.1). 
J u s t how f a r t h e s e sampling s t r a t e g i e s gave r e s u l t s t h a t 
were r e p r e s e n t a t i v e of the water and meaningful i n a given 
i n v e s t i g a t i o n i s not c e r t a i n . 
B. Contamination f r e e samples. 
The measurement of m a t e r i a l s f o r t r a c e components i n sea 
water had always run a r i s k of g i v i n g m i s l e a d i n g r e s u l t s 
which may have a r i s e n as a r e s u l t of sample contamination 
during c o l l e c t i o n , storage or a n a l y s i s . The chance of 
contamination from the s h i p i t s e l f were reduced by always 
c o l l e c t i n g water on the windward s i d e of the v e s s e l . 
I m p u r i t i e s introduced from the sample c o n t a i n e r were more 
d i f f i c u l t to avoid ( R i l e y 1975) and t h i s was p a r t i c u l a r l y 
the case f o r samples taken f o r amino a c i d a n a l y s e s . These 
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compounds .J^re widely d i s t r i b u t e d and exe a l s o p r e s e n t on 
human hands and on f i n g e r p r i n t s (Hamilton 1965) 
consequently the chance of contamination was high a t every 
stage. 
Sample c o n t a i n e r s were thought to i n t e r a c t w i t h the sample 
and a v a r i e t y of c o n t a i n e r s were used (Table 2.1). These 
have i n c l u d e d a p l a s t i c bucket ( K e l l e r e t a l . 1982). 
f i b r e g l a s s or polyethylene samplers (Park e t a l . 
1962), PVC samplers ( P o c k l i n g t o n 1971), scuba d i v e r s w i t h 
P l e x i g l a s s samplers ( C l a r k e t a l . 1972), Hansen 
b o t t l e s (Lee & Bada 1975), anodised aluminium Bodman 
b o t t l e s (Lee & Bada 1976), N i s k i n b o t t l e s (Lee & Bada. 1976) 
and a s t e r i l e bag sampler (Dawson & Goche 1978). R i l e y 
(1975) s t a t e d "The use of p l a s t i c samplers i s not to be 
recommended f o r c o l l e c t i o n of water t o be a n a l y s e d f o r 
organic compounds". T h i s a d v i c e has been l a r g e l y ignored. 
R i l e y (1975) suggested the b o t t l e s d e s c r i b e d by C l a r k 
e t a l . (1917X) may be the most s u i t a b l e f o r t h i s 
purpose. These c o n s i s t e d of a t h i c k w a l l e d aluminium tube 
l i n e d w i t h a b o r o s i l i c a t e g l a s s tube s e a l e d with a rupture 
d i s c which would break a t a predetermined depth. The water 
entered the sampler through a flow r e s t r i c t o r and was 
f i l t e r e d as i t entered the main body of the sampler. 
However, modern standard r e v e r s i n g b o t t l e s were o f t e n used 
to c o l l e c t water f o r multipurpose a n a l y s e s and were 
c o n s t r u c t e d from a p l a s t i c m a t e r i a l which reduced c o r r o s i o n 
problems. 
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2. Sample f i l t r a t i o n . 
Sea water contained not only i n o r g a n i c p a r t i c u l a t e m a t e r i a l 
but a l s o o r g anic d e t r i t u s i n c l u d i n g marine organisms. 
Consequently f i l t r a t i o n was n e c e s s a r y t o reduce the r i s k of 
sample d e t e r i o r a t i o n r e s u l t i n g from chemical, 
physico-chemical or b i o l o g i c a l mediation before i t was 
analysed. 
the p r a c t i c a l problems a s s o c i a t e d w i t h the f i l t r a t i o n of 
water f o r organic a n a l y s i s have been d i s c u s s e d by R i l e y 
(1975). Among the c r i t e r i a c o n s i d e r e d f o r the i d e a l 
f i l t e r i n g medium ar e : 
1. A r e p r o d u c i b l e and uniform pore s i z e . 
2. I t should not absorb d i s s o l v e d o r g a n i c m a t e r i a l . 
3. I t s use should not l e a d t o the r u p t u r e of phytoplankton 
c e l l s . 
4. I t should not contaminate the sample. 
I t was normal to use a 0.45 pm nominal pore s i z e f i l t e r f o r 
sea water s i n c e i t was g e n e r a l l y thought to r e t a i n a l l 
phytoplankton and most b a c t e r i a . However more r e c e n t work 
( J o i n t e t a l 1986) has shown t h a t p i c o p l a n k t o n 
(0.2-2.0 pm) appeared to be widespread. The s m a l l e r 
picoplankton could pass through the 0.45 |am f i l t e r and 
contaminate the a n a l y t e . 
By convention the f r a c t i o n r e t a i n e d by the 0.45 pm f i l t e r 
was d e s c r i b e d as p a r t i c u l a t e w h i l e the f r a c t i o n p a s s i n g 
through the f i l t e r was s a i d to be d i s s o l v e d . The d i s s o l v e d 
f r a c t i o n a l s o i n c l u d e d some c o l l o i d a l m a t e r i a l ( R i l e y 
1975) . 
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C o l l o i d s are substances with molecular weights g r e a t e r than 
about 5000. They are comprised of macromolecules which can 
vary i n dimension from about 0.005 to 0.200 pm or more. 
These m a t e r i a l s w i l l pass through such a f i l t e r . 
Table 2.1 shows t h a t a 0.45 ^ f i l t e r was o f t e n used f o r 
the a n a l y s i s of amino a c i d s i n sea water. I n g e n e r a l , the 
samples were f i l t e r e d immediately upon c o l l e c t i o n but i n 
some cas e s i t was delayed u n t i l the sample was analysed or 
u n t i l the sample reached the l a b o r a t o r y (Table 2.1). The 
f i l t e r s were made from a number of d i f f e r e n t m a t e r i a l s 
i n c l u d i n g s i l v e r , g l a s s f i b r e s and v a r i o u s c e l l u l o s e 
polymers. 
R i l e y (1975) s t a t e d t h a t sample f i l t r a t i o n might a l t e r the 
composition of s e a water samples but t h a t i f f i l t e r i n g was 
n e c e s s a r y g l a s s f i b r e f i l t e r s should be used f o r the 
a n a l y s i s of d i s s o l v e d o r g anic m a t e r i a l s as they could be 
p u r i f i e d by i g n i t i o n . 
J o s e f s s o n e t a l . (1977) found a r a p i d r e d u c t i o n i n 
the amino a c i d content of u n f i l t e r e d sea water samples but 
Mopper & L i n d r o t h (1982) s t r e s s e d t h a t t h e i r samples f o r 
amino a c i d a n a l y s e s were not f i l t e r e d i n order to minimise 
the r i s k of contamination. 
In g e n e r a l , the i n f l u e n c e of f i l t r a t i o n on the 
c o n c e n t r a t i o n s of d i s s o l v e d o r g a n i c compounds i n sea water 
remains to be c l a r i f i e d . 
3. Sample p r e s e r v a t i o n . 
Sample p r e s e r v a t i o n has been reviewed by J e n k i n s (1968), 
Charpiot (1969) and R i l e y (1975). I t was g e n e r a l l y accepted 
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t h a t sea water samples f o r m i c r o n u t r i e n t a n a l y s i s should be 
analysed immediately a f t e r c o l l e c t i o n . They were s t a b i l i s e d 
i f t h i s was not p o s s i b l e by a number of d i f f e r e n t methods 
(Table 2.1). 
A. Chemical p r e s e r v a t i v e s . 
A range of chemical f i x a t i v e s have been used f o r the amino 
acid analyses of sea water e i t h e r i n s t e a d of or i n a d d i t i o n 
t o f r e e z i n g . These i n c l u d e d mercury I I c h l o r i d e , 
chloroform, toluene and pentachlorophenol (Table 2.1). 
These compounds were added t o the sea water sample t o 
a r r e s t any b i o l o g i c a l a c t i v i t y c o n t i n u i n g w i t h i n t h e sample 
Some workers have re p o r t e d a c i d i f y i n g samples f o r amino 
ac i d a n a l y s i s t o s t a b i l i s e them. But Webb & Wood (1966) 
found t h a t when samples were f r o z e n or a c i d i f i e d p r i o r t o 
f i l t r a t i o n organisms i n the water could be k i l l e d and amino 
acids could escape from dead and damaged c e l l s . 
G. Deep f r e e z i n g . 
A popular method was t o deep freeze samples a f t e r 
f i l t r a t i o n and s t o r e them a t - 20 deg.C u n t i l they were 
analysed. Morris e t a l . (1985) have r e c e n t l y 
described the s t r e s s and i n j u r y t o which l i v i n g and dead 
c e l l membranes were subjected d u r i n g c r y o p r e s e r v a t i o n and 
c l e a r l y any such treatments could have caused s e r i o u s 
changes t o sea water samples f o r amino a c i d a n a l y s i s . 
Many accounts of amino a c i d analyses of sea water have 
f a i l e d t o record the sample storage method used (Table 2.1) 
and y e t s i g n i f i c a n t changes i n amino a c i d content of sea 
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water samples could r e s u l t from both b i o l o g i c a l processes 
and a l s o from amino a c i d a d s o r p t i o n on t o t h e w a l l s of the 
sample c o n t a i n e r ( R i l e y 1975). I t was considered t h a t the*, 
r i s k s of b i o l o g i c a l mediation of the sample were reduced by 
f i l t r a t i o n (see above) and p o s s i b l e changes by the 
c o n t a i n e r were minimised by an a c i d wash and s e v e r a l r i n s e s 
i n the sample water before i t was f i l l e d . 
So f a r , t h e r e has been no r e p o r t e d f o o l p r o o f method of 
storage f o r sea water samples f o r amino a c i d a n a l y s i s . This 
i s e s p e c i a l l y the case f o r waters taken from t h e euphotic 
zone. These waters are b i o l o g i c a l l y a c t i v e and consequently 
a r a p i d t u r n o v e r of amino acids would be expected. I t i s 
now known t h a t both q u a l i t a t i v e and q u a n t i t a t i v e changes i n 
amino a c i d content can occur w i t h i n a very s h o r t p e r i o d of 
time. 
4. Amino acjid j ^ s o l ^ t i o n . 
As organic matter occurs i n the sea a t very low 
co n c e n t r a t i o n s ( l e s s than 10*^ molar) most a n a l y t i c a l 
methods were not s u f f i c i e n t l y s e n s i t i v e t o determine the 
d i s s o l v e d organic compounds w i t h o u t an i n i t i a l s e p a r a t i o n 
and c o n c e n t r a t i o n step. 
R i l e y (1975) described f i v e major procedures commonly used 
t o recover organic compounds from sea water: 
A. Solvent e x t r a c t i o n . 
B. Adsorption onto i o n exchange r e s i n s . 
C. Adsorption onto o t h e r m a t e r i a l s such as c h a r c o a l , 
alumina, nylon or pol y s t y r e n e f o r example. 
D. C o p r e c i p i t a t i o n 
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E. V o l a t i l i s a t i o n . 
A l l the c l a s s i c a l methods f o r t h e amino aci d a n a l y s i s of sea 
water have e n t a i l e d an i n i t i a l s e p a r a t i o n . The commonest 
being d e r i v a t i s a t i o n f o l l o w e d by s o l v e n t e x t r a c t i o n , 
a d s o r p t i o n onto i o n exchange columns and c o p r e c i p i t a t i o n . 
Solvent e x t r a c t i o n . 
Palmork (1963) e x t r a c t e d 2 , 4 - d i n i t r o p h e n y l d e r i v a t i v e s of 
amino acids from sea water i n t o e t h e r and L i t c h f i e l d & 
P r e s c o t t (1966) e x t r a c t e d dansylated amino acids i n t o ether. 
I n both cases the methods were not r e p r o d u c i b l e ( R i l e y 
1975). 
Adsorption onto i o n exchange r e s i n s . 
R i l e y (1975) s t a t e d t h a t a d s o r p t i o n onto i o n exchange r e s i n s 
had been e x t e n s i v e l y used f o r t h e i s o l a t i o n of amino acids 
from sea water (Table 2.1) and he described two d i f f e r e n t 
methods: 
A. Cation exchange. 
This process i n v o l v e d t h r e e stages: 
1. The sea water sample (about 2 t o 5 l i t r e s ) was f i r s t 
d e s a l t ed (see page 46). 
2. The r e s u l t i n g s o l u t i o n was passed through a c a t i o n 
exchange column which adsorbed t h e amino acids. 
3. F i n a l l y the amino acids were e l u t e d from the column w i t h 
ammonia s o l u t i o n . 
However, i t i s d o u b t f u l i f t h e samples subjected t o such 
complex treatments when f i n a l l y analysed would r e f l e c t the 
content of the sea water sampled i n i t i a l l y . There was, 
t h e r e f o r e , a high r i s k of changes i n the amino a c i d content 
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of the sample. 
B. Copper c h e l a t i n g r e s i n s . 
Resins such as Chelex 100 and Dowex lA, n e a t l y avoided the 
d e s a l t i n g s t e p . ( R i l e y & Taylor 1968a, 1968b). 
The r e s i n s c o n s i s t e d of p o l y s t y r e n e beads w i t h c o v a l e n t l y 
bonded imino d i a c e t i c a c i d groups which are very s t r o n g 
complexing agents. 
The column was f i r s t t r e a t e d w i t h an aqueous s o l u t i o n of a 
copper s a l t t o form the chelex-copper complex (see below). 
The s t a b i l i t y constant of t h e chelex-copper complex was 
much g r e a t e r than t h a t f o r the sodium, calcium and 
magnesium complexes. Therefore, t h e major ions i n sea water 
d i d not destroy t h e copper complex. 
Sea water was passed through t h e chelex-copper column and 
the amino acids were complexed w i t h t h e copper v i a the 
carboxyl and amino groups and formed a r e l a t i v e l y s t a b l e 
f i v e membered r i n g (see below). 
CH2-C00 N - CH-R 
/ \ ^/ 
Polystyrene-N Cu 
CH2-C00 0- C=0 
i n the case of g l y c i n e , f o r example R = H 
The amino acids were recovered from the column by e l u t i o n 
w i t h ammonia; u n f o r t u n a t e l y r e p r o d u c i b i l i t y was poor 
(Abdulla e t a l . 1976). 
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C o p r e c i p i t a t i o n . 
The c o p r e c i p i t a t i o n of amino acids from sea water w i t h i r o n 
I I I hydroxide has been used as a s e p a r a t i o n method but 
recoveries were not q u a n t i t a t i v e ( R i l e y (1975). (See 
Chapter 1.) 
5. D e s a l t i n g and Preconcentration of sea water. 
Almost w i t h o u t exception a r e d u c t i o n i n sample volume was 
necessary p r i o r t o a n a l y s i s due t o t h e i n s e n s i t i v i t y of the 
methods then used. 
As the volume of sea water was reduced, d u r i n g evaporation, 
i n o r g a n i c m a t e r i a l p r e c i p i t a t e d which tended t o c a r r y down 
other s o l u t e s whose co n c e n t r a t i o n s had not exceeded t h e i r 
s o l u b i l i t y products. Consequently t r a c e s o l u t e s such as 
amino acids might i n a d v e r t a n t l y have been removed from t h e 
sample d u r i n g t h i s process. 
The danger of changes t o t h e sample was also present d u r i n g 
the d e s a l t i n g process. Sample d e s a l t i n g was achieved by 
e i t h e r evaporating t o dryness and e x t r a c t i n g t h e amino 
acids w i t h 70% a l c o h o l or by p a r t i a l e v a p o r a t i o n and the 
s a l t c r y s t a l s removed from time t o time and washed w i t h 70% 
a l c o h o l and the r e s u l t a n t b r i n e then processed ( R i l e y 
1975). 
Garrasi e t a l . (1979) examined the e f f e c t s of t h e 
d e s a l t i n g process on sea water samples. These workers used 
a modified c o n v e n t i o n a l amino a c i d analyser t o compare 
a l i q u o t s of a s i n g l e sea water a f t e r d e s a l t i n g by the two 
popular d e s a l t i n g methods, o u t l i n e d above, w i t h an 
untreated a l i q u o t of the same sample. Both q u a l i t a t i v e and 
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q u a n t i t a t i v e d i f f e r e n c e s i n amino a c i d content were found 
between both desalted and the u n t r e a t e d samples. This 
emphasised the danger of sample m o d i f i c a t i o n d u r i n g any 
a n a l y t i c a l pretreatments. 
6. A n a l y t i c a l techniques f o r t h e a n a l y s i s of 
amino acids i n sea water. 
Dawson and P r i t c h a r d (1977) have reviewed t h e c l a s s i c a l 
methods of amino a c i d a n a l y s i s . Two general approaches were 
used. 
A. Determinations of t o t a l amino a c i d . 
B. Determinations of i n d i v i d u a l amino acids a f t e r 
chromatographic s e p a r a t i o n . 
A. Determinations of t o t a l amino a c i d i n sea water. 
Cole. rj.piQtric metho^Jl, 
A p u r p l e c o l o u r fiis produced when n i n h y d r i n was reacted 
w i t h amino acids (see below); i t s i n t e n s i t y a t 570nm gave 
an e s t i m a t i o n of t h e i r c o n c e n t r a t i o n . 
" OM ^ I "<>v L o:><::* 
(RCOCO.HI + NH, J n i n h y d r i n 
OH 
RCMO + CO, 
purple 
Coughenower & Curl (1975) used n i n h y d r i n t o determine t o t a l 
amino acid i n f r e s h water. However d i s s o l v e d s a l t s 
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i n t e r f e r e d w i t h c o l o u r development i n sea water samples 
(Dawson & P r i t c h a r d 1977). 
Fl^uoyimetrjc ipet^hod^, 
Two f l u o r i m e t r i c reagents, fluoresccimine and 
o-phthaldialdehyde, were used f o r the e s t i m a t i o n of t o t a l 
amino acids i n sea water (see Chapter 1 ) . Both reagents 
reacted w i t h primary amines t o give h i g h l y f l u o r e s c e n t 
d e r i v a t i v e s and both were s u f f i c i e n t l y s e n s i t i v e t o d e t e c t 
amino acids a t the picomole l e v e l . The r e a c t i o n s , however, 
were not s o l e l y confined t o amino acids. D e r i v a t i v e s were 
also formed w i t h such compounds as ammonia, peptides, 
polyamines, aminosugars and p r o t e i n s which i n t e r f e r e d w i t h 
the q u a n t i t a t i o n of amino acids. Since the amino acids d i d 
not have equal f l u o r e s c e n t responses, these methods were 
u s u a l l y normalised t o g l y c i n e e q u i v a l e n t s . Consequently 
both lacked q u a n t i t a t i v e accuracy. 
The e x c i t a t i o n and emission wavelengths of 
o-phthaldialdehyde-amino a c i d d e r i v a t i v e s (OPT-amino acids) 
c o i n c i d e d w i t h some n a t u r a l l y o c c u r r i n g u n i d e n t i f i e d 
f l u o r e s c e n t compounds found i n e s t u a r i n e water (Dorsch & 
Bidleman 1982, Laane 1982, Van Es & Laane 1982) which 
precluded i t s use f o r such samples. 
Therefore n e i t h e r of these reagents were e n t i r e l y s u i t a b l e 
f o r t o t a l amine measurements i n the marine environment. 
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B. Determinations of i n d i v i d u a l amino acids i n sea 
WAter usinfi chromatography other than HPLC. 
A number of d i f f e r e n t chromatographic techniques have been 
used i n c l u d i n g paper chromatography, t h i n l a y e r 
chromatography, gas l i q u i d chromatography and i o n exchange 
chromatography (Table 2.1). 
I n the case of paper and t h i n l a y e r chromatography, 
q u a n t i t a t i o n of amino acids was d i f f i c u l t since measurement 
of the spots was impeded as some of them were p o o r l y 
resolved. 
The a n a l y s i s of amino acids by gas chromatography i n v o l v e d 
a d e r i v a t i s a t i o n step t o prepare v o l a t i l e compounds p r i o r 
t o i n j e c t i o n i n t o the instrument. N- and C- t e r m i n a l 
d e r i v a t i s a t i o n was needed t o g i v e s u f f i c i e n t l y v o l a t i l e 
compounds, thus q u a n t i t a t i v e conversion was d i f f i c u l t and 
r e s u l t e d i n a loss of analyte. 
The c l a s s i c a l i o n exchange r e s i n method of Moore & S t e i n 
(1958) was not s u f f i c i e n t l y s e n s i t i v e f o r t h e d i r e c t 
measurement of amino acids i n sea water. Therefore 
p r e c o n c e n t r a t i o n and d e s a l t i n g of t h e sample was r e q u i r e d . 
Losses of the ana l y t e by processes already discussed may 
consequently have occurred (see s e c t i o n s 4 & 5 above). 
7- Axt\Xno ap3,d l e v e l s repoyted, 
The l e v e l s of amino acids i n sea water r e p o r t e d (Table 2.1) 
covered n e a r l y t h r e e orders of magnitude (0.01-6.0 x 
10-6 moles 1 - 1 ) - For example^Bohling (1970,1972) 
analysed water^using ionexchange chromatographyjfrom the 
North Sea on two separate occasions and r e p o r t e d t o t a l 
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l e v e l s i n the range from 0.06 t o 0.7x10-6 moles l - i 
amino a c i d i n 1970 and from 0.2 t o 6.0x10-6 moles 1"i 
i n 1972 (Table 2.1). 
Lee & Bada (1975) observed t h a t previous r e p o r t s of amino 
acids i n sea water appeared t o be a f u n c t i o n of t h e 
a n a l y t i c a l method used. 
C l a s s i c a l methods of amino a c i d a n a l y s i s were not sea-going 
and consequently considerable periods of time elapsed 
between sample c o l l e c t i o n time and a n a l y s i s time. Therefore 
t h e r e was ample o p p o r t u n i t y f o r sample d e t e r i o r a t i o n . I n 
s p i t e of many p a i n s t a k i n g precautions taken by e a r l y workers 
t o prevent the i n t r o d u c t i o n of a r t i f a c t s and t o prevent 
sample changes, the v a l i d i t y of many previous r e s u l t s must 
remain i n some doubt. 
The g e n e r a l l y accepted view was t h a t t h e c o n c e n t r a t i o n of 
amino acids i n sea water was about 0.2x10-6 moles l - i 
( Williams 1975). 
High performance l i q u i d chromatography methods f o r 
the a n a l y s i s of amino acids i n sea water. 
Table 2.1 shows t h a t up t o 1982 two groups of workers had 
used HPLC f o r the amino a c i d a n a l y s i s of sea water. 
Wangersky and Zika (1978) p r e d i c t e d t h a t h i g h performance 
l i q u i d chromatography (HPLC) would "...become one of the 
major a n a l y t i c a l t o o l s f o r organic m a t e r i a l s i n sea 
water..."*. The f o l l o w i n g year L i n d r o t h and Mopper ( 1979) 
published d e t a i l s of an HPLC method f o r the'measurement of 
sub-picomole amounts of amino acids s u i t a b l e f o r c l i n i c a l , 
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biochemical and environmental a p p l i c a t i o n s i n c l u d i n g sea 
water. 
The basis of the method was a r e a c t i o n developed by Roth 
(1971) and used i n chromatography f o r d e t e c t i n g amino acids 
by Roth & Hampari (1973). Primary amines i n c l u d i n g amino 
acids reacted w i t h o-phthaldialdehyde and mercaptoethanol 
a t h i g h pH t o form h i g h l y f l u o r e s c e n t d e r i v a t i v e s 
(OPT-amino a c i d s ) . 
S - C H , - C H , O H C CHO 2-rnercapto CHO 
L i n d r o t h & Mopper (1979) developed an HPLC system f o r the 
sepa r a t i o n of these d e r i v a t i v e s . 
The N-3ubstituted i s o i n d o l e d e r i v a t i v e s were very s t a b l e i n 
organic solvents (Simons & Johnson 1978). I n aqueous 
s o l u t i o n s the d e r i v a t i v e s were l e s s s t a b l e and s l o w l y 
formed a non-fluorescent c y c l i c amide. The f l u o r e s c e n t 
spectra and Xmax of the d e r i v a t i v e s were u n a f f e c t e d by 
pH. However, at low pH the d e r i v a t i v e s were le s s s t a b l e . At 
pH 9 the h a l f l i f e was about 4.5 hours whereas a t pH 5 i t 
was about 20 minutes. 
The f l u o r e s c e n t responses of OPT-amino acids were also 
examined by L i n d r o t h Sc. Mopper ( 1979) and the i n f l u e n c e of 
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dorivatiaation time on fluorescence intonaity i a shown 
below: 
Adapted from 
L i n d r o t h & Hopper (1979) 
To maximise the r e p r o d u c i b i l i t y of the method they 
recommended that a precise r e a c t i o n period of two minutes 
be used. 
The OPT-amino acid molecules are i d e a l l y suited to 
chromatography by reversed phase HPLC since they are l e s s 
-polar than the free acids. Most of the free acids are very 
poorly retained by reverse phased media such as 
octadecylsilane (ODS) material due to t h e i r hydrophilic 
nature. 
ODS material i s a hydrophobic hydrocarbon ( C i a ) chain 
covalently bonded to a s o l i d s i l i c a support. ODS packings 
have excellent mechanical strength and are able to 
withstand very high pressures. They are a l s o stable in the 
pH range 3-8. 
The OPT-amlno acids while having polar groups on the 
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molecule also have a l a r g e hydrophobic p a r t (see above). 
The hydrophobic p a r t i n t e r a c t s w i t h t h e ODS s t a t i o n a r y 
phase causing the molecule t o be r e t a i n e d by the column. I n 
c o n t r a s t , the h y d r o p h i l i c p a r t i n t e r a c t s w i t h t h e mobile 
phase causing the molecule t o pass along the column. The 
mechanism by which bands of d i f f e r e n t s o l u t e molecules are 
separated depends on the e q u i l i b r i u m d i s t r i b u t i o n of the 
molecules of each s o l u t e between the s t a t i o n a r y and.mobile 
phases. The speed w i t h which a given s o l u t e band w i l l be 
e l u t e d i s governed by i t s c a p a c i t y f a c t o r . 
The c a p a c i t y f a c t o r k' of a s o l u t e i s given by: 
k' = %n - to 
to 
where 
tR = time r e q u i r e d f o r the s o l u t e t o t r a v e r s e t h e 
column 
to = time f o r mobile phase molecules t o t r a v e r s e t h e 
column 
I f the molecules of a given s o l u t e are d i s t r i b u t e d so t h a t 
most of them are i n t h e mobile phase ( i . e . the s o l u t e has a 
low c a p a c i t y f a c t o r ) then i t s band w i l l be e l u t e d more 
q u i c k l y than a s o l u t e t h a t has a higher c a p a c i t y f a c t o r . 
The separation of two c l o s e l y e l u t i n g compounds i s governed 
by the r e s o l u t i o n , Rs, expressed by th e w e l l known 
fundamental r e l a t i o n s h i p given below ( K i r k l a n d 1974): 
Rs = l / 4 ( a - l ) N 0 . 5 k' 
1+k' 
( i ) ( i i ) ( i i i ) 
The s e p a r a t i o n s e l e c t i v i t y , a, i s v a r i e d by changing the 
composition of the mobile and/or s t a t i o n a r y phases. 
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The separation e f f i c i e n c y , measured by the number of 
t h e o r e t i c a l p l a t e s , N, i s normally v a r i e d by changing the 
column l e n g t h , the p a r t i c l e s i z e or the mobile phase 
v e l o c i t y . 
The c a p a c i t y f a c t o r k' i s u s u a l l y v a r i e d by changing the 
e l u t i n g power of the mobile phase. 
The three terms ( i ) , ( i i ) and ( i i i ) ( i . e . a, N, k') can be 
regarded as e f f e c t i v e l y independent; t h e r e f o r e , each 
parameter can be v a r i e d and optimised s e p a r a t e l y . 
I n many instances a simplex o p t i m i s a t i o n technique can be 
used i n the development of a n a l y t i c a l methods which i n v o l v e 
a number of dependent and independent v a r i a b l e parameters. 
These parameters can be optimised, f o r i n s t a n c e , t o achieve 
a maximum d e t e c t o r response or, f o r example, t o optimise 
c o n d i t i o n s f o r the best chromatographic s e p a r a t i o n . However, 
t h i s mathematical approach r e q u i r e s many measurements and i n 
the present case would have consumed very considerable 
periods of time. 
Consequently an e m p i r i c a l approach was adopted t o develop 
s u i t a b l e separation c o n d i t i o n s since i t was estimated t h a t 
t h i s would be less time consuming than using simplex 
o p t i m i s a t i o n . Thus using the v a r i a b l e parameters r e f e r r e d t o 
above, experiments were c a r r i e d out t o develop s u i t a b l e 
chromatographic c o n d i t i o n s f o r the separa t i o n o f twenty 
common OPT-amino acids. 
The simplest parameter t o change was t h e composition of the 
mobile phase which, as already s t a t e d , causes a change i n 
k*. The p r o p e r t i e s of the mobile phase, p a r t i c u l a r l y i t s 
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p o l a r i t y , were c o n t r o l l e d by v a r y i n g i t s organic content so 
t h a t a c l e a r separation of the i n d i v i d u a l s o l u t e bands was 
achieved. The e f f e c t of i n c r e a s i n g the p r o p o r t i o n of 
organic s o l v e n t was t o reduce the c a p a c i t y f a c t o r s ( k ' ) of 
OPT-amino acids so t h a t t h e l e a s t p o l a r ones were e l u t e d i n 
a reasonable time. 
Very p o l a r s o l u t e s such as the i n o r g a n i c ions found i n sea 
water were not r e t a i n e d by ODS m a t e r i a l s . When sea water 
was i n j e c t e d these ions were not r e t a i n e d by t h e packing 
and passed immediately through the column. There was no 
need, t h e r e f o r e , t o d e s a l t sea water samples since s a l t 
i n t e r f e r e n c e was overcome by the nature of the s t a t i o n a r y 
phase. 
O u t l i n e Experimental D e t a i l s of L i n d r o t h & 
Hopper's (1979) method were as f o l l o w s : 
Stati,onary phase. 
A 150mm x 5mm column packed w i t h 5 pm N u c l e o s i l RP-18. 
Mobile Phase. 
a. Organic m o d i f i e r . 
HPLC grade Methanol. 
b. B u f f e r . 
0.1 molar phosphate b u f f e r pH 7.5 
Gy^djent. 
Linear increase i n methanol c o n c e n t r a t i o n a t 1% per minute 
I n i t i a l c o n d i t i o n s : 40% methanol, 60% phosphate b u f f e r 
F i n a l c o n d i t i o n s : 70% methanol, 30% phosphate b u f f e r 
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^Xo^ yatQ. 
1.5 ml per minute. 
Amino a c i d d e r i v a t i s a t i o n r e a c t i o n . 
100 p i o-phthaldialdehyde/mercaptoethanol reagent were 
reacted w i t h 500 p i of sea water f o r 2 minutes and 100 p i 
immediately i n j e c t e d . 
Amino a c i d d e t e c t i o n . 
The OPT-amino acids were detected by fluorescence 
spectrometry. ( E x c i t a t i o n 350 nm, Emission 450 nm). 
D e t a i l s of L i n d r o t h & Mopper's (1979) development 
of the method were as f o l l o w s : 
S t a t i o n a r y phase. 
The e f f e c t of a l k y l chain l e n g t h on t h e s e p a r a t i o n of the 
OPT-amino acids was i n v e s t i g a t e d . VOiereas a Ce 
hydrocarbon s t a t i o n a r y phase reduced r e t e n t i o n times by 25% 
the Cie packing had a g r e a t e r column c a p a c i t y and was 
t h e r e f o r e more s t a b l e and gave b e t t e r r e s o l u t i o n . Column 
performance d e c l i n e d f o l l o w i n g the f o r m a t i o n of voids a t 
the t o p of the packed bed. 
Column erosion. 
The t o p of the s t a t i o n a r y phase became eroded a t b u f f e r pH 
> 7. As the pH was increased above 7 the s i l i c a support 
became i n c r e a s i n g l y more s o l u b l e and d i s s o l u t i o n of t h e 
column r e s u l t e d i n poor amino a c i d r e s o l u t i o n . The column 
top was t h e r e f o r e r e f i l l e d , as necessary, which overcame 
t h i s problem. 
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The Mobile phage, 
A. The Organic r ^ o d i f j ^ y , 
The mobile phase co n s i s t e d of an aqueous b u f f e r w i t h 
v a r y i n g c o n c e n t r a t i o n s of methanol. I n c r e a s i n g 
c o n c e n t r a t i o n s of methanol decreased the c a p a c i t y f a c t o r s 
( k * ) of the OPT-amino acids by decreasing t h e p o l a r i t y of 
the mobile phase. I n d i v i d u a l OPT-amino acids were thereby 
successively e l u t e d . 
B. Nature of t h e b u f f e r ions. 
The e f f e c t of the d i f f e r e n t b u f f e r ions i n the mobile phase 
on OPT-araino a c i d c a p a c i t y f a c t o r s was as f o l l o w s . The 
c a p a c i t y f a c t o r s increased i n t h e f o l l o w i n g order: water < 
borate < phosphate < c i t r a t e . Phosphate and c i t r a t e b u f f e r s 
were t h e r e f o r e s u p e r i o r t o water and borate f o r good 
OPT-cimino a c i d r e t e n t i o n . 
C. The e f f e c t of b u f f e r P H . 
The c a p a c i t y f a c t o r s ( k * ) of the OPT-amino acids were 
g e n e r a l l y increased by decreasing t h e b u f f e r pH. This was 
caused by p r o t o n a t i o n o f , f o r example, the c a r b o x y l a t e 
groups of a s p a r t i c and glutamic acids (pKai«v2, 
pKa2rL,4) which would make them l e s s h y d r o p h i l i c . 
The optimum pH value, determined by t h e r e t e n t i o n time of 
OPT-arginine, f o r a newly packed column was found t o be 
7.5-7.6. Prolonged use w i t h a phosphate b u f f e r r e q u i r e d a 
r e d u c t i o n of e l u t i n g b u f f e r pH t o a value of 6,3-6.8. I n 
the case of borate b u f f e r s the optimum pH increased w i t h 
time and t h e r e f o r e i t s use was d i s c o n t i n u e d . The s h i f t i n 
optimum pH appeared t o be r e l a t e d t o surface e r o s i o n of the 
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s - t a t i o n a r y phase w h i c h decreased as t h e e l u e n t pH decreased. 
D. I o n i c s t r e n g t h o f t h e e l u t i n g b u f f e r . 
The c a p a c i t y f a c t o r s o f t h e OPT-amino a c i d s showed a marked 
i n c r e a s e by i n c r e a s i n g t h e b u f f e r i o n c o n c e n t r a t i o n . 
The i n c r e a s i n g p r o p o r t i o n o f m e t h a n o l , when g r a d i e n t e l u t i o n 
was used, caused a p r e c i p i t a t e w h i c h b l o c k e d t h e narrow b o r e 
t u b i n g when t h e b u f f e r c o n c e n t r a t i o n exceeded 0.1 molar. 
Since t h e e l u t i o n o f OPT-lysine, t h e most s t r o n g l y r e t a i n e d 
d e r i v a t i v e , r e q u i r e d a methanol c o n c e n t r a t i o n o f about 70%, 
t h e r e f o r e t h e b u f f e r i o n i c s t r e n g t h was m a i n t a i n e d a t 0.1 
molar. 
E. D e t e c t i o n l i m j L t . 
The l i m i t s o f d e t e c t i o n were r e p o r t e d t o be 60x10-15 
moles. 
F. Amino a c i d d e r i v a t i s a t i o n r e a c t i o n . 
For a f i x e d r e a c t i o n t i m e , t h e f l u o r e s c e n t y i e l d s o f t h e 
amino a c i d d e r i v a t i v e s were r e p r o d u c i b l e p r o v i d e d a t l e a s t 
200 t i m e s excess r e a g e n t was p r e s e n t . The r e a c t i o n t i m e had 
a marked e f f e c t on t h e f l u o r e s c e n t i n t e n s i t y o f c e r t a i n 
amino a c i d d e r i v a t i v e s , i n p a r t i c u l a r O P T - o r n i t h i n e , 
OPT-lysine and OPT-glycine (see page 5 2 ) . As s t a t e d 
p r e v i o u s l y , r e p r o d u c i b l e r e s u l t s were o b t a i n e d by u s i n g an 
e x a c t two m i n u t e r e a c t i o n t i m e b e f o r e i n j e c t i o n . 
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G. R e l a t i v e f l u o r e s c e n c e responses o f d i f f e r e n t 
amino a c i d s . 
The r e l a t i v e f l u o r e s c e n t responses o f a number o f OPT-amino 
a c i d s were measured and were f o u n d t o have t h e f o l l o w i n g 
v a l u e s n o r m a l i s e d t o g l y c i n e . 
Asp 1.30, Glu 1.10. Ser 1.20, H i s 1.00, Thr 1.10. Gly 1.00. 
Arg 1.00, T y r 1.10, A l a 1.00. Met 1.00, V a l 1.10, Phe 0.90, 
H e 1.00, NH4 0.05, Leu 0.90, Lys 0.45. 
H. P r e c i s i o n . 
The average d e v i a t i o n was +/- 0.5% a t 80 x 1 0 - 1 2 moles 
l e v e l ( t h i s was e q u i v a l e n t t o 16 x 10~6 m o l a r t o t a l 
amino a c i d ) f o r a s e r i e s o f 10 i d e n t i c a l s t a n d a r d 
measurements. An average d e v i a t i o n o f +/- 3% f r o m column t o 
column was g i v e n f o r r e t e n t i o n t i m e p r e c i s i o n . 
I . Accuracy. 
The accuracy o f t h e method was d e t e r m i n e d by an 
i n t e r c a l i b r a t i o n w i t h a c o n v e n t i o n a l amino a c i d a n a l y s e r and 
agreement was r e p o r t e d t o be g e n e r a l l y q u i t e good. 
J- K l u t i o n o r d e r o f t h e OPT-amino a c i d s . 
The e l u t i o n o r d e r was g i v e n as b e i n g dependent upon t h e 
volume o f t h e h y d r o p h o b i c p a r t s and t h e n a t u r e and number o f 
t h e h y d r o p h i l i c groups o f t h e OPT-amino a c i d s . 
The e l u t i o n o r d e r was qu o t e d as f o l l o w s Asp, G l u , Asn, 
Gin, H i s , Thr, Gly, b - A l a , T y r , Arg, A l a , a-Abu, T r y , Met, 
V a l . Phe, NH4 , H e , Orn. Lys'. 
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L i n d r o t h & Hopper's (1979) method p r o v i d e d t h e p o s s i b i l i t y 
o f d e v e l o p i n g a r e l i a b l e s e a - g o i n g method f o r t h e amino 
a c i d a n a l y s i s o f sea w a t e r . T h i s was an i m p o r t a n t and 
s i g n i f i c a n t advancement i n t h e marine c h e m i s t r y o f 
d i s s o l v e d f r e e amino a c i d s f o r t h e f o l l o w i n g r e a s o n s : 
1. S u f f i c i e n t s e n s i t i v i t y t o d i r e c t l y d e t e c t amino 
acji.gt^ X n sea w a t e r . 
The g r e a t s e n s i t i v i t y o f t h e method u s i n g p r e c o l u m n 
d e r i v a t i s a t i o n and f l u o r e s c e n c e d e t e c t i o n e l i m i n a t e d t h e 
n e c e s s i t y t o p r e c o n c e n t r a t e sea w a t e r samples. S i n c e t h e r e 
was no p r e c o n c e n t r a t i o n r e q u i r e m e n t i t f o l l o w e d t h a t t h e 
d i s s o l v e d sea w a t e r s a l t s remained i n s o l u t i o n and t h u s t h e 
p o s s i b i l i t y o f amino a c i d c o p r e c i p i t a t i o n was a l s o 
overcome. The i n j e c t i o n o f s e v e r a l hundred m i c r o l i t r e s o f 
sea w a t e r caused no n o t i c e a b l e band s p r e a d i n g . 
2. No sample d e s a l t i n g was n e c e s s a r y . 
As t h e major i o n i c s p e c i e s i n sea w a t e r were n o t r e t a i n e d 
on t h e column b u t were e l u t e d w i t h t h e v o i d volume t h e y d i d 
n o t impede t h e a n a l y s i s . Thus t h e two main o b s t a c l e s t o 
r e l i a b l e amino a c i d a n a l y s i s o f sea w a t e r were b o t h 
overcome. 
3. The r a p i d i t y o f t h e a n a l y s i s . 
A v e r y s e n s i t i v e , speedy a n a l y t i c a l p r o c e d u r e n o t i n v o l v i n g 
sample p r e - t r e a t m e n t s seemed l i k e l y t o g i v e r e s u l t s more 
t r u l y r e f l e c t i v e o f t h e e n v i r o n m e n t a l l e v e l s . The t i m e 
i n t e r v a l f r o m i n j e c t i o n t o i n j e c t i o n was a b o u t one hour. 
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A. P r e l i m i n a r y e x p e r i m e n t s i n t h e p r e s e n t s t u d y 
u s i n g L i n d r o t h & Hopper's (1979) method. 
The o b j e c t o f t h e s e e x p e r i m e n t s was t o d e t e r m i n e w h e t h e r o r 
n o t t h i s p u b l i s h e d method c o u l d be m o d i f i e d t o g i v e a 
r e l i a b l e s h i p - b o a r d method f o r t h e amino a c i d a n a l y s i s o f 
sea w a t e r as L i n d r o t h & Mopper (1979) had o n l y r e p o r t e d t h e 
a n a l y s i s o f a sea w a t e r on one o c c a s i o n a t t h a t t i m e . 
The c h r o m a t o g r a p h i c c o n d i t i o n s used i n i t i a l l y were t h o s e 
d e s c r i b e d by L i n d r o t h & Mopper ( 1 9 7 9 ) ( s e e page 55) w i t h t h e 
f o l l o w i n g d i f f e r e n c e s : 
A. A 300mm x 3.9mm 10 pm p. Bondapak a n a l y t i c a l column was 
used as a N u c l e o s i l RP-18 column was n o t a v a i l a b l e . 
B. S i n ce no s u i t a b l e f l u o r i m e t e r was a v a i l a b l e a Waters 
f i x e d w a v e l e n g t h (254 nm) u l t r a - v i o l e t a b s o r p t i o n (UV) 
d e t e c t o r was used because OPT-amino a c i d s have a s t r o n g UV 
absorbence a t 254 nm as w e l l as t h e i r f l u o r e s c e n c e 
p r e v i o u s l y r e f e r r e d t o . 
1. D e t e c t i o n . 
However i t q u i c k l y became a p p a r e n t t h a t UV a b s o r p t i o n was 
n o t s u i t a b l e f o r t h e d e t e c t i o n o f OPT-amino a c i d s f o r t h e 
f o l l o w i n g reasons: 
A. I t was i n s u f f i c i e n t l y s e n s i t i v e as t h e d e t e c t i o n l i m i t 
was about 300x10-12 moles i n j e c t e d . T h i s was n e a r l y 
t h r e e o r d e r s o f magnitude t o o h i g h . 
B. The excess r e a g e n t and r e a c t i o n b y p r o d u c t peaks 
i n t e r f e r e d w i t h t h e UV t r a c e and masked t h e e a r l y e l u t i n g 
OPT-amino a c i d s w h i c h impeded peak r e c o g n i t i o n and 
q u a n t i t a t i o n . 
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C. OPT-amino a c i d r e c o g n i t i o n and q u a n t i t a t i o n was a l s o 
hampered by a b a d l y d r i f t i n g b a s e l i n e due t o changes i n t h e 
background absorbejice o f t h e m o b i l e phase as g r a d i e n t 
e l u t i o n was necessary f o r t h i s a n a l y s i s . 
As a l r e a d y s t a t e d , t h e OPT-amino a c i d d e r i v a t i v e s were 
h i g h l y f l u o r e s c e n t . C o nsequently a Waters 420E f i l t e r 
f l u o r i m e t e r ( f i t t e d w i t h a 338 nm e x c i t a t i o n f i l t e r and a 
450 nm e m i s s i o n f i l t e r ) was o b t a i n e d t o improve d e t e c t i o n . 
F l u o r e s c e n c e d e t e c t i o n was known t o be more s e n s i t i v e t h a n 
UV d e t e c t i o n a l s o and t h e r e a c t i o n b y p r o d u c t s and excess 
r e a g e n t were n o n f l u o r e s c e n t and gave a s t a b l e b a s e l i n e . 
The e x c i t a t i o n and e m i s s i o n s p e c t r a o f a l l t h e OPT-amino 
a c i d s i n t h i s s t u d y were d e t e r m i n e d u s i n g a P e r k i n - E l m e r 
MPF3 s p e c t r o f l u o r i r a e t e r and as an example t h e spectrum f o r 
OPT-serine i s g i v e n i n F i g u r e 2.1. 
F i g u r e 2.1 





— r ? =^  
3 2 0 3 4 0 ' ' 3 6 0 
e x c l r o t l o n (340 nm) 
4 2 0 4 4 0 4 6 0 
eoiaBion (460 nn) 
2. ChromatPgyaphy. 
The p r i m a r y o b j e c t i v e i n d e t e r m i n i n g t h e optimum 
c h r o m a t o g r a p h i c c o n d i t i o n s f o r a g i v e n a n a l y s i s i s t o 
a c h i e v e t h e b e s t s e p a r a t i o n i n t h e s h o r t e s t t i m e p o s s i b l e 
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a) The s t a t i o n a r y phase. 
As s t a t e d t h e column used i n t h e p r e l i m i n a r y e x p e r i m e n t s was 
a Waters p Bondapak Ci e. 
T h i s column was 3.9 mm x 30 cm w i t h an i r r e g u l a r 10 pm 
Ci 8 p a c k i n g w h i c h had a 10% carbon l o a d . I t s 
s e l e c t i v i t y and e f f i c i e n c y u s i n g L i n d r o t h &. Mopper's (1979) 
methanol/phosphate e l u t i o n system were n o t good enough t o 
s e p a r a t e s e v e r a l OPT-amino a c i d groups i n c l u d i n g Asn & Ser, 
Gly & Thr and T r y & Phe. These d i f f i c u l t g roups were 
for 
s e p a r a t e d by s u b s t i t u t i n g t h e s t a t i o n a r y phase . • a Shandon 
Sout h e r n 4.9 mm x 10 cm ODS h y p e r s i l column w h i c h had b e t t e r 
e f f i c i e n c y and s e l e c t i v i t y . ODS h y p e r s i l i s a f u l l y capped 5 
um s p h e r i c a l m a t e r i a l w i t h an 8% c a r b o n l o a d . 
Column e r o s i o n . 
A r a p i d d e t e r i o r a t i o n i n column p e r f o r m a n c e was observed i n 
p r e l i m i n a r y e x p e r i m e n t s . Voids appeared a t t h e t o p o f t h e 
p a c k i n g and c h a n n e l i n g o c c u r r e d i n t h e a n a l y t i c a l column; 
b o t h f a u l t s caused band s p r e a d i n g , l o s s o f r e s o l u t i o n and 
u l t i m a t e l y t h e f o r m a t i o n o f d o u b l e peaks. T h i s l o s s o f 
column performance f r e q u e n t l y became a p p a r e n t a f t e r o n l y 
f i v e i n j e c t i o n s . These e f f e c t s were i n i t i a l l y r e c t i f i e d by 
r e f i l l i n g t h e t o p o f t h e column, as e x p l a i n e d by L i n d r o t h & 
Mopper (1979) o r i n t h e w o r s t cases by r e p a c k i n g t h e column 
w i t h new m a t e r i a l . The use o f a gu a r d column packed w i t h 
Whatman p e l l i c u l a r ODS h e l p e d t o p r o t e c t t h e a n a l y t i c a l 
column. I t was c o n s i d e r e d t h a t n o t o n l y was t h e m o b i l e phase 
(pH 7.5) s u f f i c i e n t l y a l k a l i n e t o d i s s o l v e t h e s i l i c a -
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base o f t h e s t a t i o n a r y phase b u t t h e OPT-amino a c i d 
r e a c t i o n m i x t u r e (pH 9.5) was a l s o damaging t h e column. 
Consequently i t was d e c i d e d t o reduce t h e m o b i l e phase pH 
t o 6.8 s i n c e t h e s i l i c a base would be l e s s s o l u b l e . No l o s s 
o f OPT-amino a c i d r e s o l u t i o n r e s u l t e d f r o m t h i s , b u t t h e 
problem p e r s i s t e d . 
S i n c e t h e s e f a u l t s were t h o u g h t t o be due t o i n j e c t i n g t h e 
r e a c t i o n p r o d u c t s a t pH 9.5 i t was d e c i d e d t o re d u c e t h e 
r e a c t i o n m i x t u r e pH b e f o r e i n j e c t i o n by t h e a d d i t i o n o f 
b o r i c a c i d . Sea w a t e r samples and s t a n d a r d s were 
n e u t r a l i s e d t o pH 7.5 by t h e a d d i t i o n o f 300 p i 0.4 molar 
b o r i c a c i d a f t e r t h e 2 m i n u t e s o f r e a c t i o n and p r i o r t o 
i n j e c t i o n . 
The s t a t i o n a r y phase was a l s o p r o t e c t e d by s a t u r a t i n g t h e 
m o b i l e phase w i t h a s i l i c a p r e c o l u m n (Atwood e t a l . 
1979) . 
F o l l o w i n g t h e s e m o d i f i c a t i o n s column l i f e was i m p r o v e d and 
columns would n o t n o r m a l l y r e q u i r e r e p a c k i n g u n t i l a f t e r a t 
l e a s t 200 i n j e c t i o n s o f sea w a t e r had been made. However 
t h e u s u a l p r o c e d u r e o f r e p a c k i n g t h e guard column a f t e r 
e v e r y 50 i n j e c t i o n s was always obs e r v e d . 
Column performance sometimes r a p i d l y d e t e r i o r a t e d by v o i d 
f o r m a t i o n f o l l o w i n g c o m p a c t i o n o f t h e column bed. T h i s was 
caused by poor p a c k i n g t e c h n i q u e s . Column r e p r o d u c i b i l i t y 
was improved by r e v i s e d p a c k i n g p r o c e d u r e s i n c l u d i n g t h e 
slow r e l e a s e o f t h e p a c k i n g p r e s s u r e when a n e w l y packed 
column was p r e p a r e d . T h i s p r e v e n t e d o u t g a s s i n g o f t h e 
s o l v e n t w i t h i n t h e column bed w h i c h caused v o i d s and 
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c h a n n e l s . 
Column ter n p e y a t g r e . 
S l i g h t v a r i a t i o n s i n t h e s t a t i o n a r y phase f r o m b a t c h t o 
b a t c h f r e q u e n t l y gave poor r e s o l u t i o n o f OPT-Try and 
OPT-Phe. The r e s o l u t i o n was improved by m a i n t a i n i n g t h e 
column t e m p e r a t u r e a t 30 deg. C. The c a p a c i t y f a c t o r s o f 
i n d i v i d u a l OPT-amino a c i d s were v e r y r e p r o d u c i b l e under 
t h e s e c o n d i t i o n s (see page 7 5 ) . 
b) The m o b i l e phase. 
A 0.1 m o l a r phosphate b u f f e r pH 7.5 was used, as sugg e s t e d 
by L i n d r o t h & Mopper ( 1 9 7 9 ) . The pH o f t h i s b u f f e r was l a t e r 
r educed t o 6.8 t o h e l p p r e s e r v e t h e s t a t i o n a i r y phase (see 
column e r o s i o n above). 
c) The s e p a r a t i o n . 
W i t h phosphate b u f f e r o n l y as t h e m o b i l e phase t h e most 
p o l a r OPT-amino a c i d s Asp. & Glu, c o u l d be e l u t e d . However 
t h i s s o l v e n t was t o o weak t o e l u t e t h e l e a s t p o l a r OPT-amino 
a c i d s and c o n s e q u e n t l y t h e s o l v e n t s t r e n g t h was i n c r e a s e d by 
t h e a d d i t i o n o f methanol. 
An i s o c r a t i c e l u t i o n system w h i c h had a c o n s t a n t p r o p o r t i o n 
o f methanol caused t h e e a r l y e l u t i n g OPT-amino a c i d peaks t o 
bunch t o g e t h e r g i v i n g some c o e l u t i o n , w h i l e t h e s o l v e n t was 
n o t always s t r o n g enough t o e l u t e t h e l e a s t p o l a r OPT-amino 
a c i d s i n a r e a s o n a b l e t i m e . C o n s i d e r a b l e band b r o a d e n i n g i n 
t h e l a t e r e l u t i n g peaks o c c u r r e d . G r a d i e n t e l u t i o n was used 
t o p r e v e n t t h i s e f f e c t . 
The m o b i l e phase was v e r y weak a t t h e s t a r t o f t h e 
chromatograra ( i . e . l i t t l e o r no m e t h a n o l ) and t h e OPT-amino 
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a c i d s were r e t a i n e d f i r m l y to the column top as a narrow 
band. As the pr o p o r t i o n of methanol was i n c r e a s e d the 
OPT-amino a c i d s were s u c c e s s i v e l y e l u t e d . A l i n e a r g r a d i e n t 
was not able to r e s o l v e some p a i r s of OPT-amino a c i d s . 
Consequently i t was n e c e s s a r y to i n t r o d u c e curved g r a d i e n t s 
generated by a microprocessor c o n t r o l l i n g two s o l v e n t 
d e l i v e r y pumps one of which d e l i v e r e d b u f f e r and the o t h e r 
methanol. 
The e f f e c t of i s o c r a t i c e l u t i o n on a multicomponent mixture 
i s shown i n F i g u r e 2.2. The e f f e c t of a l i n e a r g r a d i e n t on 
the same s o l u t e s i s shown i n F i g u r e 2.3. The e f f e c t s of 
convex and concave g r a d i e n t s a r e shown i n F i g u r e s 2.4 & 2.5 
F i g u r e 2.2 
The i s c c r f l t i c e l w t i c n gf a mwlticQmpgngnt mixture• 
c 
oI time 
F i g u r e 2.3 
The e f f e c t of a l i n e a r g r a d i e n t on the e l u t i o n of 
time 
F i g u r e 2.4 
a multicomponent mixture. 
time 
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F i g u r e 2.5 
The e f f e c t of a concave g r a d i e n t on the e l u t l o n nf 
a multicomponent mixture. 
A time 
The use of a l i n e a r g r a d i e n t ( F i g . 2.3) c o n s i d e r a b l y 
reduced the p r o g r e s s i v e band s p r e a d i n g of the i s o c r a t i c 
e l u t i o n system ( F i g . 2 . 2 ) . The s o l u t e s were a l s o e l u t e d more 
q u i c k l y as the s o l v e n t was made p r o g r e s s i v e l y s t r o n g e r . A. 
s p e e d e d 
convex gr a d i e n t ( F i g . 2.4) up the e l u t i o n of the 
s o l u t e s so t h a t the peaks became c l o s e r t o g e t h e r a t the 
s t a r t whereas a concave g r a d i e n t ( F i g . 2.5) caused b e t t e r 
r e s o l u t i o n of the e a r l y peaks. 
A s e r i e s of g r a d i e n t segments were developed t o s e p a r a t e 
the OPT-amino a c i d s . The development of a p p r o p r i a t e 
g r a d i e n t segments t o g i v e good s e p a r a t i o n s was hampered i n 
some c a s e s by the v e r y s i m i l a r p o l a r i t i e s of some of the 
OPT-amino a c i d s . I n p a r t i c u l a r t h e OPT-Gly, OPT-Thr and 
OPT-Arg group of compounds were s t i l l p o o r l y r e s o l v e d u s i n g 
methanol. Therefore propan-2-ol, which was known to be more 
s e l e c t i v e than methanol, was t e s t e d . The above OET-amino 
a c i d s were separated but t h e v i s c o s i t y of propan-2-ol 
caused a high back p r e s s u r e w i t h i n the system and the flow 
had to be reduced which i n c r e a s e d the a n a l y s i s time. Also 
the g r a d i e n t segments had to be modified when the 
a n a l y t i c a l column was repacked probably caused by batch to 
batch d i f f e r e n c e s i n the p a c k i n g m a t e r i a l . 
Consequently, i n s p i t e of i t s dangerous p r o p e r t i e s , 
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a c e t o n i t r i l e was t e s t e d as i t was known t o be more 
s e l e c t i v e . The e l u t i o n system d e v i s e d , a f t e r numerous 
e x p e r i m e n t s , was v e r y much more r e p r o d u c i b l e f r o m column t o 
column. A c e t o n i t r i l e was a l s o l e s s v i s c o u s and t h e f l o w r a t e 
was a b l e t o be i n c r e a s e d a g a i n . The a n a l y s i s t i m e was, 
t h e r e f o r e , a l s o reduced. 
The p r o p e r t i e s o f t h e m o b i l e phase can, i n a d d i t i o n , be 
changed by u s i n g d i f f e r e n t b u f f e r i o n s and i o n i c s t r e n g t h s 
(see.page 5 7 ) . I t was n o t f o u n d n e c e s s a r y t o make any such 
m o d i f i c a t i o n s . 
C o n t a m i n a t i o n . 
C o n t a m i n a t i o n peaks o f OPT-amino a c i d s , w h i c h had n o t been 
i n c l u d e d i n t h e sample s o l u t i o n , were obs e r v e d i n e a r l y 
chromatograms. T h i s made peak i d e n t i f i c a t i o n and amino a c i d 
q u a n t i t a t i o n d i f f i c u l t . 
The c o n t a m i n a t i o n was t h o u g h t t o be due, i n p a r t , t o a e r o b i c 
c o n t a m i n a t i o n w i t h amino a c i d s caused by u s i n g an 
u n s t o p p e r e d f l a s k f o r t h e d e r i v a t i s a t i o n r e a c t i o n . J o s e f s s o n 
e t a l . (1977) r e p o r t e d t h a t f o r work a t t h e l e v e l o f 
amino a c i d s i n sea w a t e r i t was i m p o r t a n t n o t t o d e p o s i t 
f i n g e r p r i n t s on s t o p p e r s o r o t h e r s u r f a c e s t h a t m i g h t have 
come i n t o c o n t a c t w i t h t h e sample s o l u t i o n , and t h a t 
a i r b o r n e p a r t i c l e s i n t h e l a b o r a t o r y c o n t a i n e d enough amino 
a c i d s t o cause severe c o n t a m i n a t i o n . 
Good r e s u l t s were o b t a i n e d when p r o t e c t i v e c l o t h i n g was worn 
(e . g . s u r g i c a l g l o v e s ) i n c o n j u n c t i o n w i t h t h e use o f 
s t o p p e r e d f l a s k s f o r t e s t s o l u t i o n s and r e a g e n t s . A l l 
g l a s s w a r e was a c i d washed ( 1 0 % HCl) i n accordance w i t h t h e 
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p r a c t i c e a t t h e l a b o r a t o r y o f t h e M a r i n e B i o l o g i c a l 
A s s o c i a t i o n , d i s p o s a b l e p l a s t i c p i p e t t e t i p s f o r sample and 
r e a g e n t m a n i p u l a t i o n s were used and c o m p l e t e c l e a n l i n e s s was 
necessary a t a l l t i m e s t o ensure freedom f r o m t h e s e 
problems. 
A t y p i c a l chromatogram o f a r e a g e n t b l a n k w i t h an i n t e r n a l 
s t a n d a r d ( A d i ) i s shown i n f i g u r e 2.6. 
F i g u r e 2.6 
A t y p i c a l chromatogram f o r a r e a g e n t b l a n k w i t h 
an i n t e r n a l s t a n d a r d ( A d i ) . 
.01 
Thus h a v i n g i n v e s t i g a t e d d e t e c t i o n , s t a t i o n a r y and m o b i l e 
phases and c o n d u c t e d many e x p e r i m e n t s on g r a d i e n t p r o f i l e s 
f o r t h e a c e t o n i t r i l e / p h o s p h a t e e l u t i o n system and e l i m i n a t e d 
any c o n t a m i n a t i o n peaks, i n excess o f 20 amino a c i d s c o u l d 
be c l e a r l y s e p a r a t e d i n a r e p r o d u c i b l e manner. 
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B. A n a l y t i c a l d e t a i l s o f t h e s t a n d a r d p r o c e d u r e used 
i n t h i s work f o r t h e H i g h Performance L i q u i d 
Chromatographic d e t e r m i n a t i o n o f amino a c i d s . 
i n sea wa t e r . 
1. M a t e r i a l s . 
Reagents. 
A l l s o l v e n t s used i n t h e a n a l y s e s were F i s o n s o r BDH HPLC 
grade. D i s t i l l e d w a t e r was do u b l e d i s t i l l e d f r o m g l a s s . A l l 
o t h e r compounds were o b t a i n e d f r o m BDH and Sigma and were o f 
t h e p u r e s t grade c o m m e r c i a l l y o b t a i n a b l e . S t a n d a r d s o l u t i o n s 
o f amino a c i d s (1x10-3 m o l a r ) were s t o r e d a t 4 deg.C 
and were f o u n d t o be s t a b l e f o r a t l e a s t a week. 
Phosphate b u f f e r (pH 6.8) was p r e p a r e d by m i x i n g e q u a l 
volumes o f 0.1 mo l a r s o l u t i o n o f d i s o d i u m phosphate w i t h 0.1 
molar monosodi um phosphate. B o r a t e b u f f e r (pH 9.50) was 
pr e p a r e d by t i t r a t i n g 0.4 molar b o r i c a c i d w i t h sodium 
h y d r o x i d e t o pH 9.50. 
0 - p h t h a l d i a l d e h y d e (OPA) r e a g e n t was p r e p a r e d by d i s s o l v i n g 
135 mg OPA i n 5 ml HPLC grade methanol and made up t o 25 ml 
w i t h b o r a t e b u f f e r (pH 9.50). The r e a g e n t was s t o r e d 
u n r e f r i g e r a t e d i n g l a s s c o v e r e d w i t h a l u m i n i u m f o i l . Under 
t h e s e c o n d i t i o n s i t was f o u n d t o be s t a b l e f o r a t l e a s t 7 
days. The r e a g e n t was a c t i v a t e d by t h e a d d i t i o n o f 
m e r c a p t o e t h a n o l (20 j i l / 2 m l ) . T h i s s o l u t i o n was p r e p a r e d 
d a i l y . 
The e l u t i n g s o l v e n t s and b u f f e r were degassed by f i l t r a t i o n 
t h r o u g h a 0.45 jam M i l l i p o r e f i l t e r w h i c h a l s o removed 
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p a r t i c u l a t e m a t t e r . 
A p p a r a t u s . 
The a n a l y t i c a l system c o n s i s t e d o f t h e f o l l o w i n g : Two Waters 
A s s o c i a t e s 6000A s o l v e n t d e l i v e r y pumps w i t h a Waters 720 
System C o n t r o l l e r and a Waters U6K i n j e c t o r . D e t e c t i o n was 
a c h i e v e d u s i n g a Waters 420 f i l t e r f l u o r i m e t e r ( e x c i t a t i o n 
f i l t e r 335 nm, e m i s s i o n f i l t e r 450 nm). A P h i l l i p s PM 8252 
d u a l - c h a n n e l r e c o r d e r was used. A H e w l e t t Packard 3390A 
r e c o r d i n g i n t e g r a t o r was co n n e c t e d i n p a r a l l e l w i t h t h e 
P h i l l i p s r e c o r d e r and t h e i n t e g r a t o r was programmed t o 
c o n v e r t peak areas t o mole f r a c t i o n s o f t h e a p p r o p r i a t e 
amino a c i d (see page 7 9 ) . Sample i n j e c t i o n was done w i t h 
H a m i l t o n s y r i n g e s ; O x f o r d v a r i a b l e volume a u t o m a t i c p i p e t t e s 
were used t o d i s p e n s e r e a g e n t s . 
A Shandon Sout h e r n column (100 x 5 mm) packed w i t h H y p e r s i l 
5-7 |im ODS, and f i t t e d w i t h a Shandon gu a r d column packed 
w i t h Whatman p e l l i c u l a r (25-37 pm) ODS was used i n t h e 
a n a l y s e s . 
A s e t o f a c i d washed g l a s s w a r e ( 1 0 % HCl) was k e p t 
s p e c i f i c a l l y f o r use i n t h e s e a n a l y s e s . 
2. Procedure, 
Amino a c i d a n a l y s i s o f aqueous s o l u t i o n s . 
The performance o f t h e i n s t r u m e n t was m o n i t o r e d by i n c l u d i n g 
an i n t e r n a l s t a n d a r d w i t h e v e r y i n j e c t i o n o f b l a n k s , 
s t a n d a r d s and samples 
The d a i l y r o u t i n e f o r t h e a n a l y s i s o f e n v i r o n m e n t a l samples 
was as f o l l o w s . 
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1. Reagent b l a n k d e t e r m i n a t i o n . 
The r e a g e n t b l a n k d e t e r m i n a t i o n was made by s u b s t i t u t i n g 
t h e 500 | i l sea w a t e r w i t h 500 j i l d i s t i l l e d w a t e r and 
a n a l y s e d as d e s c r i b e d below a t t h e commencement o f each 
day's work. These d e t e r m i n a t i o n s were used t o ens u r e t h a t 
b o t h t h e a p p a r a t u s and r e a g e n t s were f r e e f r o m 
c o n t a m i n a t i o n . 
2. S t a n d a r d d e t e r m i n a t i o n s . 
S t a n d a r d d e t e r m i n a t i o n s were made a t t h e commencement o f 
each day's work and a f t e r s i x t o e i g h t sea w a t e r 
measurements t o m o n i t o r i n s t r u m e n t p e r f o r m a n c e and ensure 
t h a t i t was o p e r a t i n g c o r r e c t l y . 
3. E n v i r o n m e n t a l sample d e t e r m i n a t i o n s . 
The f i l t e r e d w a t e r sample (500 p i ) s p i k e d w i t h an i n t e r n a l 
s t a n d a r d (20 p i A d i ) was mixed w i t h 100 p i OPA r e a g e n t i n a 
g l a s s s t o p p e r e d f l a s k and, a f t e r an e x a c t 2 m i n u t e s p e r i o d , 
300 p i o f 0.4 molar b o r i c a c i d was added t o quench t h e 
r e a c t i o n and l o w e r t h e pH t o 7.50. A 150 p i sample o f t h i s 
m i x t u r e was t h e n i n j e c t e d o n t o t h e column w i t h t h e 
f o l l o w i n g s o l v e n t programme ( T a b l e 2.2 &. F i g . 2 . 7 ) . 
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Table 2.2 











% A c e t o n i t r i l e % O.IM Phosphate Curve 















c u r v e 6 i s a l i n e a r change 
c u r v e s 7 &. 8 a r e c u r v e d g r a d i e n t s 
F i g u r e 2.7 
The g r a d i e n t p r o f n A 
Column r e g e n e r a t i o n . Time 
A f t e r each d e t e r m i n a t i o n t h e column was r e e q u i l i b r a t e d t o 
t h e i n i t i a l c o n d i t i o n s f o r 5 m i n u t e s b e f o r e t h e n e x t 
d e t e r m i n a t i o n . Osing t h i s p r o c e d u r e t e n sea w a t e r samples 
( i n c l u d i n g c a l i b r a t i o n and b l a n k s ) c o u l d be a n a l y s e d i n 
about t w e l v e h o u rs. 
$h^t-d<?wn prpc^^j^r^. 
At t h e end o f each w o r k i n g day t h e system was f l u s h e d w i t h 
40 ml water f o l l o w e d by 100 ml m e t h a n o l . M e t h a n o l was used 
as a s t o r a g e s o l v e n t f o r t h e a n a l y t i c a l e quipment t o 
p r e v e n t m i c r o b i a l development. Some r e c o r d e r response was 
observed d u r i n g t h e methanol wash and was a t t r i b u t e d t o 
more s t r o n g l y r e t a i n e d compounds b e i n g e l u t e d . 
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3. P^^H X^QQ^XtXon t-h^ ^ JL\^tj.on oyder. 
The e l a t i o n order d e s c r i b e d by L i n d r o t h & Mopper (1979) d id 
not c o i n c i d e with the order found under the above 
c o n d i t i o n s . T h i s was a t t r i b u t e d both to the d i f f e r e n c e i n 
s e l e c t i v i t y between a c e t o n i t r i l e and methanol as or g a n i c 
m o d i f i e r s i n the mobile phase and to the d i f f e r e n c e s 
between the two s t a t i o n a r y phases. The c l i n i c a l method f o r 
p h y s i o l o g i c a l f l u i d s l a t e r d e s c r i b e d by T u r n e l l and Cooper 
(1982) a l s o used a c e t o n i t r i l e as an o r g a n i c m o d i f i e r . T h e i r 
e l u t i o n order e x a c t l y c o i n c i d e d w i t h t h a t d e s c r i b e d here 
(Evens et a l . 1982) . 
The OPT-amino a c i d peaks i n the chromatogram were 
i d e n t i f i e d from t h e i r standard r e t e n t i o n time data. The 
re c o r d i n g i n t e g r a t o r was programmed u s i n g a s e r i e s of 
standard determinations to r e c o g n i s e a given peak w i t h i n a 
s p e c i f i e d r e t e n t i o n time window. I f a peak e l u t e d w i t h i n 
t h a t window the i n t e g r a t o r r e c o g n i s e d i t as the c a l i b r a t e d 
OPT-amino a c i d s p e c i f i e d and s t o r e d the data f o r t h a t 
c a l i b r a t e d peak i n i t s memory and q u a n t i f i e d i t i n the 
r e p o r t a t the end of the a n a l y s i s . I f a OPT-amino a c i d peak 
f e l l o u t s i d e the s p e c i f i e d r e t e n t i o n time window the 
i n t e g r a t o r s t o r e d the data f o r t h a t peak but d i d not 
q u a n t i f y i t i n the r e p o r t . 
Confirmation of peak i d e n t i t y was obtained by t h e 
c o i n j e c t i o n of OPT-amino a c i d s w i t h sea water c o n t a i n i n g 
amino a c i d s . The standard OPT-amino a c i d s c o e l u t e d with the 
OPT-amino a c i d s observed i n the sea water chromatograms. 
Retention times of the OPT-amino a c i d s are given i n Table 
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2.3 and a t y p i c a l r e c o r d e r t r a c e obtained from a sea water 
sample analysed a t sea I s shown i n F l ^ r e 2.8 
Table 2.3 
Standard r e t e n t i o n times f o r QPT-amlno a c i d s under 
the c o n d i t i o n s described, 
u n i t s : minutes 
Asp 2. 62 
Glu 5. 06 
ADI 8. 71 
Asn 9. 22 
Ser 9. 81 
His 11. 97 
Gly 16. 16 
Thr 17. 48 
Arg 19. 65 
Ala 23. 43 
Abu 24. 53 
Tyr 25. 80 
Gab 26. 11 
Val 28. 83 
Met 29. 35 
Try 34. 36 
H e 35. 15 
Phe 36. 05 
Leu 36. 84 
Orn 40. 82 
Lys 41. 27 
F i g u r e 2.8 
A t y p i c a l r e c o r d e r t r a c e obtained from a sea water 
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4. C a l i b r a t i o n 
A c a l i b r a t i o n mixture c o n t a i n i n g a known amount of each 
amino a c i d standard compound (33x10-12 moles) was 
analysed as d e s c r i b e d e a r l i e r ( see page 70) to y i e l d a 
c a l i b r a t i o n chromatogram ( F i g . 2.8). The peak a r e a s measured 
by the r e c o r d i n g i n t e g r a t o r were used to c r e a t e a 
c a l i b r a t i o n t a b l e which contained response f a c t o r s f o r each 
OPT-aroino a c i d i n the standard mixture. S e v e r a l standard 
runs, u s u a l l y about 6, were used to c a l c u l a t e the average 
rosponBQ f a c t o r f o r each OPT-amino a c i d ; t h e s e would 
normally have a v a l u e of about 10-
F i g u r e 2.8 
A c a l i b r a t i o n chromatogram 
of go ain?.no ficj^4s (0.4x^0"^ molar) 
5. L i n e a r i t y of f l ^ o r e s c e n t sj^aX wj.th Xnci^ea^XnR 
amino a c i d c o n c e n t r a t i o n s added to a s i n g l e sea water. 
To check the l i n e a r i t y of response i n sea water; a sample of 
sea water was analysed and then spiked with i n c r e a s i n g 
c o n c e n t r a t i o n s of an amino a c i d standard s o l u t i o n . A 
s t r a i g h t l i n e response (up to 400x10-12 moles added) 
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was found (Table 2 . 4 ) . ( F i g u r e 2.9). 
The slope, i n t e r c e p t and c o r r e l a t i o n c o e f f i c i e n t s f o r the 
data l i s t e d i n Table 2.4 i s shown i n Table 2.5. 
Table 2.4 
Sea water spiked with amino a c i d 
standard s o l u t i o n f i m molar). 
Sea 50 ;al 20 p i 10 Ml 
water to to t o 
25 ml 25 ml 25 ml 
Asp 0.05 1.09 0.50 0.31 
Glu 0.07 1.20 0.53 0.35 
Asn 0.03 0. 34 0.19 0. 14 
Ser 0.07 1.71 0.76 0.46 
His 0.08 0.49 0.24 0. 18 
Gly 0.10 1.02 0.48 0.31 
Thr 0.01 0.86 0.40 0.22 
Arg 0.00 1.54 0.71 0.37 
A l a 0.07 0. 67 0.32 0.22 
Tyr 0.03 1.26 0.53 0. 36 
Abu 0.00 1. 19 0.53 0.36 
Gab 0.00 1. 58 0.66 0. 40 
Val 0.02 1. 13 0.50 0.32 
Met 0.00 1.57 0.67 0.42 
Try 0.00 1.86 0.77 0. 52 
Phe 0.00 1.27 0.58 0.38 
H e 0.06 0.96 0.44 0.29 
Leu 0.00 1.45 0.64 0.41 
Orn 0.15 0.44 0.29 0.15 
Lys 0.00 0.56 0.24 0. 12 
Note: volumes r e f e r to the amount of 1x10-6 molar 
mixed standard s o l u t i o n added t o 25 ml sea water. 
F i g u r e 2.9. 
A computer drawn b e s t s t r a i g h t f o r A s p a r t i c a c i d 
from the data l i s t e d i n Table 2.4 
Z 59 • 
t 48 
.2 .6 1.2 
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Table 2.5 
The slope. i n t e r c e p t and c o e f f i c i e n t of 
c o r r e l a t i o n f o r the data l i s t e d i n Table : 
Amino a c i d I n t e r c e p t Slope Corr. Coeff 
Asp 0. 112 0.019 0-999 
Glu 0.119 0.021 0.990 
Asn 0.089 0.005 1 
Ser 0. 140 0.031 0.999 
His 0.093 0.007 0.998 
Gly 0. 128 0.017 0.999 
Thr 0.070 0.015 0.999 
Arg 0. 103 0.028 0.999 
Ala 0. 100 0.011 0.999 
Tyr 0. 105 0.022 0.997 
Abu 0. 132 0.021 0.998 
Gab 0.086 0.029 0.999 
Val 0. 105 0.020 0.999 
Met 0.112 0.029 0.999 
Try 0. 139 0.034 0.997 
Phe 0. 145 0.022 0.999 
H e 0. 113 0.016 0.999 
Leu 0. 133 0.026 0.999 
Orn 0. 113 0.006 0.966 
Lys 0.015 0.010 0.999 
6. The i n t e r n a l standard. 
The procedure of instrument c a l i b r a t i o n before and a f t e r a 
s e r i e s of samples, t h a t i s by e x t e r n a l c a l i b r a t i o n , d i d not 
take account of i n s t r u m e n t a l malfunctions or unnoticed 
changes which may have occurred during d e r i v a t i v e formation 
between the two c a l i b r a t i o n s . 
The a d d i t i o n of an i n t e r n a l standard, t h a t i s by i n t e r n a l 
c a l i b r a t i o n , compensated f o r v a r i o u s a n a l y t i c a l e r r o r s . 
These included minor v a r i a t i o n s i n s e p a r a t i o n parameters on 
peak s i z e i n c l u d i n g s l i g h t i n j e c t i o n volume f l u c t u a t i o n s and 
a l s o where a v a r i a b l e r e c o v e r y was l i k e l y d u r i n g sample 
d e r i v a t i s a t i o n . 
An i n t e r n a l standard was e s s e n t i a l f o r the amino a c i d 
a n a l y s i s of sea water s i n c e i t was n e c e s s a r y to account f o r 
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these d i f f e r e n c e s . 
A number of d i f f e r e n t compounds were examined to f i n d a 
s u i t a b l e i n t e r n a l standard. The i n t e r n a l standard had to 
s a t i s f y the f o l l o w i n g c r i t e r i a : 
1. I t must be c l e a r l y r e s o l v e d from the other s o l u t e s . 
2. I t s behaviour during d e r i v a t i s a t i o n and chromatography 
must be r e p r o d u c i b l e . 
3^ I t must not r e a c t with any of the components of the 
sample. 
4. I t must not be found i n the sample. 
Work by M. Righton & J . Braven (unpublished) had e s t a b l i s h e d 
t h a t <a^-amino a d i p i c a c i d was a s u i t a b l e compound s i n c e i t 
e l u t e d between asparagine and glutamic a c i d , was very 
r e p r o d u c i b l e (+/-5%) (see page 79) and had never been found 
i n sea or e s t u a r i n e waters. «t-amino a d i p i c a c i d (Adi) 
(3x10*11 moles) was i n c l u d e d w i t h each sample and 
standard determination. I n t h i s way the response of each 
amino a c i d i n a sample was normalised to the response of the 
i n t e r n a l standard i n t h a t sample. Thus any i n s t r u m e n t a l 
malfunction could immediately be r e c o g n i s e d and the r e s u l t 
r e j e c t e d . 
7• C a l c u l a t i o n s . 
For stgodajrd c a l i b r a t i o n s . 
100 yil of a mixture of amino a c i d s (10-3 molar) was 
made up to 25 ml with d i s t i l l e d water to give a 4x10-6 
molar s o l u t i o n . 100 \il of t h i s s o l u t i o n were added to a 
q u i c k f i t 5 ml c o n i c a l f l a s k and 400 p i d i s t i l l e d water 
added. T h i s s o l u t i o n (8x10-*? molar) was r e a c t e d w i t h 
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100 p i OPA reagent and n e u t r a l i s e d w i t h 300 p i b o r i c a c i d 
(0.4 molar) a f t e r an e xact 2 minutes r e a c t i o n time. 75 p i 
of the f i n a l s o l u t i o n (4.4xl0-T molar) were 
immediately i n j e c t e d . 
t h e r e f o r e 
(75/106) x 0.44 = 33 X 10-12 moles were i n j e c t e d . 
For gea water gamplQS. 
500 p i sea water sp i k e d w i t h 20 p i i n t e r n a l standard 
(33x10-12 moles a-amino a d i p i c a c i d ) were r e a c t e d 
with 100 p i OPA reagent and a f t e r an e x a c t 2 minutes 
r e a c t i o n time n e u t r a l i s e d w ith 300 p i b o r i c a c i d to g i v e a 
f i n a l volume of 920 p i . 
150 p i of t h i s mixture were immediately i n j e c t e d : 
t h e r e f o r e 
500/920 X 150 p i = 81.5 p i sea water were i n j e c t e d . 
The r e c o r d i n g i n t e g r a t o r c a l c u l a t e d an a b s o l u t e response 
f a c t o r f o r each amino a c i d by d i v i d i n g the amount of the 
amino a c i d i n j e c t e d w ( i ) by the a r e a measured under i t s 
peak A ( i ) i n the a n a l y s i s of a c a l i b r a t i o n mixture thus: 
a b s R F ( i ) = w ( i ) 
A ( i ) 
where a b s R F ( i ) i s the a b s o l u t e response f a c t o r c a l c u l a t e d 
and s t o r e d by the i n t e g r a t o r i n the c a l i b r a t i o n t a b l e 
The i n t e r n a l standard c a l c u l a t i o n procedure used by the 
i n t e g r a t o r f o l l o w i n g the a d d i t i o n of a known amount of the 
i n t e r n a l standard component to the sample was as f o l l o w s : 
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Concentration of ( i ) = 
a b s R F f i ) X A ( i ) x ( I S amt) x MUL FACTOR 
ab s R F ( I S ) x A ( I S ) 
where MUL FACTOR i s the f a c t o r used to g i v e the r e s u l t s i n 
p moles l ~ i the f a c t o r used was c a l c u l a t e d as f o l l o w s : 
1/volume i n j e c t e d (81.5) x 106/106 = 0.012 
Each response f a c t o r was normalised, by the r e c o r d i n g 
i n t e g r a t o r , to the r e l a t i v e response of the i n t e r n a l 
standard added to the sample. 
The i n t e r n a l standard peak a r e a was c a r e f u l l y monitored and 
t h a t measurement was r e j e c t e d i f i t s a r e a was not around 
i t s normal val u e ( s e e page 8 3 ) . 
6." R e p r o d u c i b i l i t y and p r e c i s i o n . 
The r e p r o d u c i b i l i t y of the method a t the c a l i b r a t i o n l e v e l 
of 33x10-12 moles (0.40x10-6 molar) l e v e l i s 
given i n Table 2.6. At l e v e l s of 0.04x10-6 molar the 
r e p r o d u c i b i l i t y was about an order of magnitude more 
v a r i a b l e . And whereas l e v e l s down t o 0.04x10-6 molar 
have been reported with confidence, c o n c e n t r a t i o n s l e s s 
than t h i s can only be cons i d e r e d to be u s e f u l on a 
q u a l i t a t i v e b a s i s . 
The re d u c t i o n i n the c o e f f i c i e n t s of v a r i a t i o n between 1982 




R e p r o d u c i b i l i t y of the method 
( a t the 33x10-12 moles l e v e l ) 
Amino a c i d C.V C.V. 
1982 1984 
(6 repeat (4 r e p e a t 
a n a l y s e s ) a n a l y s e s ) 
Asp +/- • 9% +/- 7% Glu +/- -11% +/- 3% Asn +/- -12% +/- 4% Ser +/- • 7% +/- 8% His +/- •13% +/- 7% 
Gly +/- •28% +/- 15% Thr +/- •12% +/- 6% Arg +/- •13% +/- 12% A l a +/- -11% +/- 6% Tyr +/- • 8% +/- 4% Abu +/- - 9% +/- 5% Gab +/- •10% +/- 5% V a l +/- •11% +/- 4% Met +/- •11% +/- 4% Try +/- •12% +/- 2% Phe +/- •11% +/- 2% H e +/• •10% +/- 3% Leu +/- •10% +/- 6% Orn +/- •10% +/- 8% Lys +/- •12% +/- 8% 
Average +/- •13% +/- 6% 
Note: C.V. i s the c o e f f i c i e n t of v a r i a t i o n . 
The i n t e r n a l standard was found to g i v e very r e p r o d u c i b l e 
a n a l y s e s and some examples of the r e l a t i v e f l u o r e s c e n c e 
responses of a-amino a d i p i c a c i d i n standard and sea water 
determinations with d i f f e r e n t batches of column packings 
ar e given i n Table 2.7. 
The data f o r J u l y 1983, November 1983, March 1984, A p r i l 
1984, and 13 June 1984 w e r e f o r sea water samples a n a l y s e d 
i n the l a b o r a t o r y . 
The data f o r 18 June 1984 were f o r standard d e t e r m i n a t i o n s 
c a r r i e d out i n the l a b o r a t o r y and the data f o r September 
1983 were f o r standard d e t e r m i n a t i o n s and sea water samples 
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analysed a t sea. 
The data shows: 
1. For a given column the p r e c i s i o n i s a c c e p t a b l e . 
2. D i f f e r e n t columns show s i m i l a r p r e c i s i o n s but t h e r e i s a 
v a r i a t i o n i n the mean peak a r e a s . 
3. A given column shows shows a c c e p t a b l e c o n s i s t e n c y of 
peak a r e a during use but some s m a l l d e t e r i o r a t i o n i n the 
c o e f f i c i e n t of v a r i a t i o n i s observed a f t e r prolonged use. 
Table 2.7 
Batch Date Mean peak a r e a No. Coeff V a r i a t i o n 
1 J u l y 1983 252440 4 4.9 % 
2 Sept 1983 308308 15 5.8 % 
3 Nov 1983 393522 4 3.9 % 
4 Mar 1984 385893 13 3.7 % 
4 Apr 1984 402030 12 5.1 % 
5 Jun 1984 289158 7 5.1 % 
5 Jun 1984 290030 6 7.9 % 
•lote : The mean peak a r e a i s given f o r n e a r l y e q u i v a l e n t 
c o n c e n t r a t i o n s of i n t e r n a l s tandard i n j e c t e d on to the 
columns from 5 d i f f e r e n t batches of s t a t i o n e r y phase over a 
twelve months period. 
The r e p r o d u c i b i l i t y compares f a v o u r a b l y with the method 
subsequently developed f o r c l i n i c a l use by T u r n e l l & Cooper 
(1982): t h e s e authors gave an average c o e f f i c i e n t of 
v a r i a t i o n f o r 10 repeat runs a t the 5-20x10-6 moles 
l e v e l of +/- 8%. 
9. Accuracy. 
The accuracy of the method was determined by L i n d r o t h & 
Mopper (1979) by comparison w i t h a c o n v e n t i o n a l amino a c i d 
a n a l y s e r and was found t o be g e n e r a l l y q u i t e good. 
The l e v e l s of amino a c i d s found i n sea and e s t u a r i n e waters 
obtained by t h i s method were c o n s i d e r e d to g i v e a genuine 
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i n d i c a t i o n of those p r e s e n t i n the environment. 
10. Safety, 
Great c a r e was taken when u s i n g a c e t o n i t r i l e because of i t s 
poisonous p r o p e r t i e s . The e f f l u e n t from the instrument was 
discharged d i r e c t l y i n t o a f l a s k c o n t a i n i n g 5% sodium 
h y p o c h l o r i t e f i t t e d w i t h an a c t i v a t e d c h a r c o a l t r a p which 
was clamped i n a fume cupboard on board s h i p . The sodium 
h y p o c h l o r i t e was renewed a t the s t a r t of each day's work. 
Summary of p r o c e d u r a l p r e c a u t i o n s developed t o 
ensure a c c u r a t e and p r e c i s e a n a l y t i c a l r e s u l t s . 
The f o l l o w i n g p r e c a u t i o n s were observed to prevent the 
contcimination of samples during d e r i v a t i s a t i o n and 
i n j e c t i o n and to o b t a i n r e p r o d u c i b l e and a c c u r a t e r e s u l t s . 
1. The use of s p e c i a l l y r e s e r v e d a c i d washed (10% HCl) 
glassware. 
2. The use of p r o t e c t i v e c l o t h i n g e.g. s u r g i c a l gloves. 
3. The use of a c l o s e d v e s s e l f o r the d e r i v a t i s a t i o n 
r e a c t i o n to prevent a e r o b i c contamination. 
4. The use of d i s p o s a b l e p l a s t i c s y r i n g e t i p s f o r sample 
manipulation to prevent c r o s s contamination. 
5. F l u s h i n g the i n j e c t o r v a l v e p o r t s before and a f t e r each 
a n a l y s i s with mobile phase to prevent contamination from 
the previous i n j e c t i o n . 
6. Frequent r e s t a n d a r d i s a t i o n s to ensure the s t a b i l i t y of 
d e t e c t o r response and r e p r o d u c i b i l i t y of the d e r i v a t i s a t i o n 
procedure. 
7. E n c a p s u l a t i n g the i n j e c t i o n mixture, w i t h i n the 
i n j e c t i o n s y r i n g e , w i t h bubbles of a i r and d i s t i l l e d water 
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to prevent the i n t r o d u c t i o n of a r t i f a c t s and t o ensure a 
p e r f e c t l y c l e a n needle. 
8. F l u s h i n g the i n j e c t i o n s y r i n g e with d i s t i l l e d water a t 
l e a s t 15 times between i n j e c t i o n s . 
9. T e s t i n g the c l e a n l i n e s s of the i n j e c t i o n s y r i n g e and the 
i n j e c t o r by i n j e c t i n g d i s t i l l e d water r e p e a t e d l y u n t i l no 
d e t e c t o r response was observed, (by pumping the f i n a l 
mobile phase composition through the column any a r t i f a c t s 
q u i c k l y became appparent and could be removed by f u r t h e r 
washings). 
10. Blank determinations w i t h d i s t i l l e d water, r e p l a c i n g 
t e s t s o l u t i o n s , d e r i v a t i s e d and analysed i n the normal way 
to ensure an uncontaminated reagent, i n t e r n a l standard and 
apparatus. 
11. The use of f r e s h l y d e i o n i s e d , double g l a s s d i s t i l l e d 
water. 
12. An i n t e r n a l standard was added t o each sample to guard 
a g a i n s t the consequences of any i n s t r u m e n t a l m a l f u n c t i o n . 
I n i t i a l measurements of environmental samples. 
The method was t e s t e d by a n a l y s i n g a v a r i e t y of 
environmental samples i n c l u d i n g moorland streams, r i v e r and 
e s t u a r i n e waters, f r e s h water from a l a k e and c o a s t a l and 
o c e a n i c waters. 
Quite e a r l y i n the i n i t i a l programme i t became c l e a r t h a t 
the data being obtained f o r the t o t a l amino a c i d content of 
sea water were about an order of magnitude g r e a t e r than 
those reported by W i l l i a m s (1975) (2.5 x 10 -e molar 
compared with 0.2 x 10 -s m o l a r ) . I t was t h e r e f o r e 
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f e l t n e c e s s a r y t o determine whether the newly developed 
method was y i e l d i n g r e l i a b l e data and an e x t e n s i v e 
programme of t e s t i n g was undertaken. 
As has been i n d i c a t e d above, provided t h a t the p r o c e d u r a l 
p r e c a u t i o n s had been c a r r i e d out, v e r y good reagent blanks 
were obtained. For example, i t was observed t h a t i n 
a d d i t i o n to known amino a c i d content, t r a c e s of dust could 
cause a c o n s i d e r a b l e e r r o r . Such a r t i f a c t s c o u l d be e a s i l y 
avoided. Having e l i m i n a t e d the p o s s i b i l i t y of h i g h reagent 
blanks a t t e n t i o n was turned to sampling problems. 
The sea water sampling procedures used had some v a r i a b i l i t y 
a c c o r d i n g to circumstance but a l l samples were taken 
a c c o r d i n g to e s t a b l i s h e d procedures used by the Marine 
B i o l o g i c a l A s s o c i a t i o n of the United Kingdom. I n many c a s e s 
the sea water sample was a n a l y s e d by s c i e n t i s t s of the 
Marine B i o l o g i c a l A s s o c i a t i o n f o r n i t r a t e , t o t a l n i t r o g e n 
and other v a r i a b l e s with no unusual r e s u l t s being found. 
As has been s t a t e d elsewhere ( s e e page 77) standard 
a d d i t i o n s of amino a c i d standard s o l u t i o n s to s e a water 
samples gave good l i n e a r responses. Analyses of " b l i n d " 
amino a c i d s o l u t i o n s a l s o proved a c c e p t a b l e . 
Thus i t was concluded t h a t the r e s u l t s obtained f o r a given 
amino a c i d s o l u t i o n were an a c c u r a t e measure of the content 
of t h a t sample at the time of the a n a l y s i s . Subsequently, 
T u r n e l l & Cooper (1982), who developed an almost i d e n t i c a l 
method f o r c l i n i c a l use and, i n p a r t i c u l a r , the amino a c i d 
a n a l y s i s of p h y s i o l o g i c a l f l u i d s , and Poulet e t a l . 
(1984), who worked with sea water samples from l e Rade de 
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B r e s t and a l s o used almost the same method, both came 
to very s i m i l a r c o n c l u s i o n s . 
Sample storage. 
The procedures of sea water sampling d i c t a t e t h a t , even on 
board ship, the m a j o r i t y of samples would not be analysed 
immediately upon c o l l e c t i o n . T h i s was p a r t i c u l a r l y so i n 
the present case where the a n a l y s i s time was about one 
hour. 
The s t a b i l i t y of water samples was t h e r e f o r e examined i n 
the f o l l o w i n g s e r i e s of experiments. 
U q f i l t e r e d sea water. 
Table 2.8 records an example of the r e s u l t s of d u p l i c a t e 
a n a l y s e s by the standard procedure (see page 70) of samples 
of sea water c o l l e c t e d a t sea i n standard r e v e r s i n g 
b o t t l e s , and s t o r e d i n polythene v i a l s (25ml), without 
f i l t e r i n g , a t 4 deg. C. A l l the samples were a n a l y s e d i n 
the l a b o r a t o r y w i t h i n 18 hours of c o l l e c t i o n . 
A d i f f e r e n c e i n t o t a l amino n i t r o g e n content of 9% was 
found i n the s u r f a c e samples whereas the d i f f e r e n c e a t 10 
and 50 metres was 36% and 24%. 
The r e l a t i v e composition of the d u p l i c a t e samples (Table 
2.9) shows, f o r example, the r e l a t i v e composition of s e r i n e 
of the s u r f a c e samples were 17% and 15% whereas a t 10 
metres they were 21% and 19% and a t 50 metres 21% and 16%. 
Therefore w i t h i n the l i m i t s of experimental e r r o r of about 
+/- 10% (see page 82) f o r u n f i l t e r e d samples s t o r e d a t 4 
deg. C f o r a few hours can show s i g n i f i c a n t changes i n the 
t o t a l amino ni t r o g e n content. I t can be seen t h a t 
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s i g n i f i c a n t changes i n t o t a l content were a l s o accompanied 
by compositional changes. 
Table 2.8 
An example of the r e s u l t s of d u p l i c a t e a n a l y s e s of 
( u n i t s : 10-6 moles 1 - 1 ) 
Sample 1 2 3 4 5 6 
Depth 0 0 10 10 50 50 
(meters) 
Asp 0 .11 0. 11 0 .37 0 . 16 0 .30 0 . 18 Glu 0 .06 0. 05 0 . 11 0 .06 0 .09 0 .07 
Asn 0 .03 0. 00 0 .01 0 .03 0 .03 0 .04 
Ser 0 . 39 0. 32 0 .97 0 . 54 0 .80 0 .48 
His 0 .00 0. 08 0 .20 0 .07 0 . 11 0 . 13 Gly 0 . 37 0. 35 0 .84 0 .47 0 .61 0 . 37 
Thr 0 .08 0. 03 0 .20 0 .09 0 . 13 0 . 10 
Arg 0 .00 0. 00 0 .04 0 .00 0 .00 0 .00 
Al a 0 . 16 0. 12 0 . 33 0 . 19 0 .29 0 . 17 
Tyr 0 . 66 0. 63 0 .62 0 . 61 0 . 56 0 . 58 
Abu 0 .03 0. 03 0 .06 0 .05 0 .07 0 .05 Gab 0 .00 0. 00 0 .00 0 .00 0 .00 0 .00 
Val 0 .06 0. 04 0 . 13 0 .07 0 .11 0 .07 
Met 0 .00 0. 00 0 .00 0 .00 0 .00 0 .00 
Try 0 .00 0. 00 0 .00 0 .00 0 .00 0 .00 
Phe 0 .05 0. 03 0 .06 0 .04 0 .06 0 .00 
H e 0 .07 0. 19 0 . 16 0 . 19 0 .20 0 . 18 
Leu 0 .05 0. 00 0 .08 0 .07 0 . 10 0 .08 
Orn 0 .20 0. 14 0 .31 0 . 22 0 .28 0 .29 Lys 0 .00 0. 00 0 .05 0 .05 0 .07 0 . 12 
T o t a l 2 . 32 2. 12 4 . 54 2 . 91. 3 .81 2 .91 
Note: The samples were i n j e c t e d s e r i a l l y i n the sequence 
shown. The t o t a l a n a l y s i s time was about 6 hours. 
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Table 2.9 
The % composition of the samples from Table 2.8 
Depth 0 0 10 10 50 50 
(metres) 
Asp 5 5 8 5 8 6 
Glu 3 2 2 2 2 2 
Asn 1 0 0 1 1 1 
Ser 17 15 21 19 21 16 
His 0 4 4 2 3 4 
Gly 16 17 19 16 16 13 
Thr 3 1 4 3 3 3 
Arg 0 0 1 0 0 0 
A l a 7 6 7 7 8 6 
Tyr 28 30 14 21 15 20 
Abu 1 1 1 2 2 2 
Gab 0 0 0 0 0 0 
Val 3 2 3 2 3 2 
Met 0 0 0 0 0 0 
Try 0 0 0 0 0 0 
Phe 2 . 1 I 1 2 0 
H e 3 9 4 7 5 6 
Leu 2 0 2 2 3 3 
Orn 9 7 7 8 7 10 
Lys 0 0 1 2 2 4 
F i l t e r e d sea water. 
Table 2.10 records an example of the r e s u l t s of a n a l y s e s i n 
the l a b o r a t o r y of u n f i l t e r e d , f i l t e r e d and c e n t r i f u g e d sea 
water samples t r e a t e d immediately a f t e r c o l l e c t i o n . 
Within the l i m i t s of the experimental e r r o r of about +/-
10% (see page 82) the u n f i l t e r e d and f i l t e r e d samples were 
ac c e p t a b l e d u p l i c a t e s . I n the p a s t low vacuum f i l t r a t i o n 
was favoured because c e l l r upture was thought t o be l e s s 
l i k e l y . I n t h i s case the sample f i l t e r e d under high vacuum 
was shown to be a c c e p t a b l e as w e l l . 
The c e n t r i f u g e d sample showed a s i g n i f i c a n t l o s s of amino 
a c i d . T h i s o b s e r v a t i o n was not i n v e s t i g a t e d any f u r t h e r and 
t h e r e was no obvious e x p l a n a t i o n f o r i t . 
Table 2.11 gives the r e l a t i v e compositions of the four 
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samples. The d i f f e r e n c e s between the u n f i l t e r e d and 
f i l t e r e d samples were a c c e p t a b l e . The l a r g e s t d i f f e r e n c e s 
were found i n the c e n t r i f u g e d sample. 
Table 2.10 
An example of the r e s u l t s of a n a l y s e s 
of u n f i l t e r e d sea water compared with f i l t e r e d 
.ts: 10- 6 moles 1-1 ) 
Sample 1 2 3 4 
Asp 0 . 21 0 . 19 0. 26 0 .07 
Glu 0 .13 0 . 10 0. 10 0 .00 
Asn 0 .05 0 .07 0. 06 0 .00 
Ser 0 .42 0 . 41 0. 51 0 . 14 
His 0 .25 0 . 20 0. 22 0 .00 
Gly 0 .58 0 . 42 0. 53 0 . 13 
Thr 0 . 16 0 . 15 0. 19 0 .00 
Arg 0 .00 0 .00 0. 00 0 .00 
Al a 0 . 25 0 . 24 0. 28 0 .07 
Tyr 0 .38 0 . 41 0. 40 0 . 37 
Abu 0 .07 0 .07 0. 08 0 .03 
Gab 0 .00 0 .00 0. 00 0 .00 
Val 0 . 14 0 . 19 0. 16 0 .05 
Met 0 .00 0 .00 0. 00 0 . 00 
Try 0 .00 0 .00 0. 00 0 .00 
Phe 0 . 12 0 .26 0. 22 0 .00 
H e 0 . 10 0 . 14 0. 18 0 .06 
Leu 0 . 18 0 . 25 0. 21 0 . 11 
Orn 0 .42 0 .25 0. 29 0 . 10 
Lys 0 . 16 0 .00 0. 00 0 .00 
T o t a l 3 .62 3 . 35 3. 69 1 . 13 
Note: The samples were i n j e c t e d s e r i a l l y i n the sequence 
shown. The t o t a l a n a l y s i s time was about 4 hours. 
Sample 1 was u n f i l t e r e d sea water. 
Sample 2 an a l i q u o t f i l t e r e d under low vacuum. 
Sample 3 an a l i q u o t f i l t e r e d under high vacuum. 




The % composition of the samples from Table 2.10 
Sample 1 2 3 4 
Asp 6 6 7 6 
Glu 4 3 3 0 
Asn 1 2 2 0 
Ser 12 12 14 12 
His 7 6 6 0 
Gly 16 13 14 12 
Thr 4 4 5 0 
Arg 0 0 0 0 
Ala 7 7 8 6 
Tyr 10 12 . 11 33 
Abu 2 2 2 3 
Gab 0 0 0 0 
Val 4 6 4 4 
Met 0 0 0 0 
Try 0 0 0 0 
Phe 3 8 6 0 
H e 3 4 5 5 
Leu 5 7 6 10 
Orn 12 7 8 9 
Lys 4 0 0 0 
The p e r i o d of time t h a t f i l t e r e d s e a water could be s t o r e d 
without change was very v a r i a b l e . I n some c a s e s samples were 
kept i n a r e f r i g e r a t o r f o r 48 hours without d e t e c t a b l e 
changes; on the other hand some samples changed r a p i d l y . 
Chemical p r e s e r v a t i v e s and deep f r e e z i n g . 
C l a s s i c a l methods of sample p r e s e r v a t i o n have used a v a r i e t y 
of chemicals and deep f r e e z i n g t o reduce sample changes by 
m i c r o b i a l a c t i v i t y (see Table 2.1). 
Table 2.12 gives the r e s u l t s of a sto r a g e experiment u s i n g 
f i l t e r e d sea water. 
The q u a n t i t a t i v e data given f o r sample p r e s e r v a t i o n u s i n g 
chloroform q u i t e c l e a r l y showed t h a t , i n t h i s experiment, 
r e l e a s e of amino a c i d occurred and s i g n i f i c a n t c o m p o s i t i o n a l 
changes were observed (Table 2.13). 
I t had been hoped to be able to p r e s e r v e samples f o r l a t e r 
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a n a l y s i s by d e r i v a t i s i n g the sea water a t sea, q u i c k l y 
f r e e z i n g them i n l i q u i d n i t r o g e n , and s t o r i n g them a t -20 
deg. C u n t i l a n alysed i n the l a b o r a t o r y ashore. However the 
r e s u l t s f o r sample 4 i n T a b l e s 2.12 & 2.13 i n d i c a t e t h a t t h i s 
was not p o s s i b l e . 
Table 2,12 
The e f f e c t of chloroigorm and deiTA-vatisation on 
sample storage. 
( u n i t s : 1 0 - 6 moles 1-1 ) 
Sample 1 2 3 4 
Asp 0 .05 0 . 14 0 .22 0 .04 
Glu 0 .07 0 . 10 0 . 15 0 .02 
Asn 0 .01 0 .02 0 .04 0 .00 
Ser 0 .09 0 .40 0 .72 0 .09 
His 0 .03 0 .07 0 . 17 0 .00 
Gly 0 .47 0 .42 0 . 56 0 . 10 
Thr 0 .02 0 .09 0 .11 0 .00 
Arg 0 .00 0 .00 0 .00 0 .00 
Ala 0 .05 0 . 15 0 .26 0 .00 
Tyr 0 .08 0 .03 0 . 14 0 .03 
Abu 0 .09 0 .05 0 .09 0 .08 
Gab 0 .06 0 .00 0 .00 0 .06 
Val 0 .00 0 .06 0 .15 0 .06 
Met 0 .00 0 .00 0 .00 0 .00 
Try 0 .00 0 .00 0 .00 0 .00 
Phe 0 .04 0 .08 0 .00 0 . 10 
H e 0 .25 0 . 19 0 .35 0 . 12 
Leu 0 .01 0 . 17 0 . 22 0 .03 
Orn 0 .25 0 . 12 0 .29 0 .02 
Lys 0 .00 0 .00 0 .00 0 .00 
T o t a l 1 .57 2 .09 3 .47 0 .75 
Note: The samples were i n j e c t e d s e r i a l l y i n the sequence 
shown. The t o t a l a n a l y s i s time was about 4 hours, 
sample 1 analysed a t time = 0. 
sample 2 15 ml sea water + 0.1 ml chloroform 
time = 1.5 hours kept a t 4 deg. C 
sample 3 an a l i q u o t of saunple 2 
time = 24 hours kept a t 4 deg. C 
sample 4 frozen i n l i q u i d n i t r o g e n a f t e r d e r i v a t i s a t i o n 
time = 96 hours a t - 20 deg. C 
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Table 2.13 
The % composition of the r e s u l t s from Table 2.12. 
Sample 1 2 3 4 
Asp 3 7 6 5 
Glu 4 5 4 3 
Asn 1 1 • 1 0 
Ser 6 19 21 12 
His 2 3 5 0 
Gly 30 20 16 13 
Thr 1 4 3 0 
Arg 0 0 0 0 
Ala 3 7 7 0 
Tyr 5 1 4 4 
Abu 6 2 3 11 
Gab 4 0 0 8 
Val 0 3 4 8 
Met 0 0 0 0 
Try 0 0 0 0 
Phe 3 4 0 13 
H e 16 9 10 16 
Leu 1 8 6 4 
Orn 16 6 a 3 
Lys 0 0 0 0 
Tables 2.14 & 2.15 g i v e the r e s u l t s of a f i l t e r e d sea water 
a n a l y s e d soon a f t e r c o l l e c t i o n and s t o r e d deep f r o z e n a t - 20 
deg.C. I n t h i s case t h i s method of storage was found to y i e l d 
u n r e l i a b l e data. The s t a b i l i t y of deep f r o z e n samples 
examined on other o c c a s i o n s a l s o f r e q u e n t l y showed 
s i g n i f i c a n t changes w i t h time. 
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Table 2.14 
The e f f e c t of s t o r i n g f i l t e r e d sea water 
by d^Qp freegi^n^. 
( u n i t s : 1 0 - 6 moles 1" i ) 
Sampl e 1 2 3 
Asp 0 . 10 0 . 15- 0 .06 
Glu 0 .08 0 . 10 0 .02 
Asn 0 .02 0 .00 0 .00 
Ser 0 . 40 0 .72 0 .26 
His 0 .07 0 .09 0 .01 
Gly 0 . 42 0 . 48 0 .20 
Thr 0 .09 0 .09 0 . 11 
Arg 0 .00 0 .00 0 .00 
A l a 0 . 16 0 .23 0 .09 
Tyr 0 .03 0 .03 0 .01 
Abu 0 .02 0 .02 0 .02 
Gab 0 .00 0 .00 0 .00 
Val 0 .00 0 .06 0 .06 
Met 0 .00 0 .00 0 .00 
Try 0 .00 0 .00 0 .00 
Phe 0 .08 0 . 12 0 .09 
H e 0 . 19 0 . 25 0 .04 
Leu 0 . 17 0 . 22 0 .02 
Orn 0 . 12 0 .29 0 .02 
Lys 0 .00 0 .00 0 .00 
T o t a l 1 .95 2 .85 1 .01 
Note: 
Sample 1 f i l t e r e d sea water a n a l y s e d a t time = 0 hours 
Sample 2 deep f r o z e n a l i q u o t a n a l y s e d a t time = 12 hours 
Sample 3 deep f r o z e n a l i q u o t a n a l y s e d a t time = 72 hours 
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Table 2.15 
The % composition of the r e s u l t s from Table 2.14 
Sample 1 2 3 
Asp 5 5 6 
Glu 4 4 2 
Asn 1 0 0 
Ser 21 25 26 
His 4 3 1 
Gly 22 17 20 
Thr 5 3 11 
Arg 0 0 0 
Ala 8 8 9 
Tyr 2 1 1 
Abu 1 1 2 
Gab 0 0 0 
Val 0 2 6 
Met 0 0 0 
Try 0 0 0 
Phe 4 4 9 
H e 10 9 4 
Leu 9 8 2 
Orn 6 10 2 
Lys 0 0 0 
In c o n c l u s i o n , i t was r a r e t h a t an u n f i l t e r e d sample remained 
unchanged even when deep froz e n . T h i s was a l s o found to t r u e 
f o r f i l t e r e d samples on many o c c a s i o n s . Not only does i t 
appear to be e s s e n t i a l to remove a l l p a r t i c u l a t e m a t e r i a l i n 
order to s t a b i l i s e a sample even f o r a s h o r t time but a l s o 
the a n a l y s i s needs to be c a r r i e d out w i t h i n a few hours of 
c o l l e c t i o n . 
The e f f e c t of d i f f e r e n t storage c o n t a i n e r s . 
I t has been i n d i c a t e d t h a t the m a t e r i a l of the storage 
c o n t a i n e r may a f f e c t the r e s u l t s of the amino a c i d a n a l y s i s 
(see page 39). 
Table 2.16 shows the t y p i c a l e f f e c t of stor a g e v i a l s made of 
d i f f e r e n t m a t e r i a l s on f r e s h water samples from a high 
moorland stream. 
Samples 1-5 were d u p l i c a t e a n a l y s e s of water c o l l e c t e d and 
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immediately f i l t e r e d (GF/F) from Cadover bridge, Dartmoor. 
The r e s u l t s show t h a t i n t h i s case the m a t e r i a l of the 
storage v i a l d id not appear to m a t e r i a l l y a f f e c t the sample 
e i t h e r q u a n t i t a t i v e l y or q u a l i t a t i v e l y . 
Table 2.16. 
The e f f e c t of d i f f e r e n t storage c o n t a i n e r s . 
( u n i t s : 1 0 - 6 moles l - i ) 
Sample 1 2 3 4 5 
Asp 0 .02 0 .01 0 .01 0 .01 0 .01 
Glu 0 .01 0 .01 0 .01 0 .01 0 .01 
Asn 0 .00 0 .00 0 .00 0 .00 0 .00 
Ser 0 .04 0 .02 0 .03 0 .04 0 .04 
His 0 .00 0 .00 0 -00 0 .00 0 .00 
Gly 0 .06 0 .04 0 .06 0 .07 0 .07 
Thr 0 .00 0 .00 0 .00 0 .00 0 .00 
Arg 0 .00 0 .00 0 .00 0 .00 0 .00 
Al a 0 .02 0 .01 0 .02 0 .02 0 .00 
Tyr 0 .27 0 . 30 0 . 32 0 .30 0 . 33 
Abu 0 .00 0 .00 0 .00 0 .00 0 .00 
Gab 0 .01 0 .01 0 .01 0 .01 0 .01 
Val 0 .00 0 .00 0 .00 0 .00 0 .00 
Met 0 .00 0 .00 0 .00 0 .00 0 .00 
Try 0 .00 0 .00 0 .00 0 .00 0 .00 
Phe 0 .00 0 .00 0 .00 0 .00 0 .00 
H e 0 .09 0 .09 0 .09 0 . 11 0 . 10 
Leu 0 .00 0 .00 0 .00 0 .00 0 .00 
Orn 0 .04 0 .02 0 .02 0 .04 0 .04 
Lys 0 .00 0 .00 0 .00 0 .00 0 .00 
T o t a l 0 .56 0 .51 0 .57 0 .61 0 .61 
Note: The samples were i n j e c t e d s e r i a l l y i n the sequence 
shown. The t o t a l a n a l y s i s time was about 5 hours. 
Sample 1 an a c i d washed g l a s s v i a l 
Sample 2 an a c i d washed perspex v i a l 
Sample 3 an a c i d washed polythene v i a l 
Sample 4 a polythene v i a l washed i n d i s t i l l e d water 
Sample 5 500 p i volume of water which was d e r i v a t i s e d and 
i n j e c t e d d i r e c t l y from an a c i d washed perspex v i a l . 
The o b j e c t of sample 5 was to attempt to reduce the number 
procedural steps, and thus reduce the chance of sample 
change, between a c t u a l sampling and the i n j e c t i o n of t h a t 
sample i n t o the instrument. 
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Sampling S t r a t e g y . 
The sampling of homogeneous m a t e r i a l s p r e s e n t s r e l a t i v e l y 
l i t t l e d i f f i c u l t y compared w i t h the sampling of inhomogeneous 
ones. The method u s u a l l y adopted f o r inhomogeneous m a t e r i a l s 
i s based on a s t a t i s t i c a l approach which i n v o l v e s c o l l e c t i n g 
and a n a l y s i n g very l a r g e numbers of samples; the mass, 
numbers and p o i n t s of sampling being dependent on the nature 
of the m a t e r i a l . The mean v a l u e can then be c a l c u l a t e d and 
the degree of inhomogeneity can be d e r i v e d s t a t i s t i c a l l y . An 
a l t e r n a t i v e approach i s to 'cone and q u a r t e r ' u n t i l a 
homogeneous sample i s obtained; t h i s method does not measure 
the degree of inhomogeneity. 
Neit h e r of the s e approaches i s p o s s i b l e i n the amino a c i d 
a n a l y s i s of sea water. Amino a c i d d i s t r i b u t i o n i n the sea i s 
very inhomogeneous, as w i l l be demonstrated l a t e r , and the 
c o l l e c t i o n and homogenising of v e r y l a r g e samples i s not 
p o s s i b l e . T h i s i s because the sample i s not s u f f i c i e n t l y 
s t a b l e to withstand t h i s p r o c e s s without d e t e r i o r a t i o n . 
Moreover i n the presence of b i o t a which can both take up and 
r e l e a s e o r ganic compounds, thus making the system dynamic, 
the concept of a s i n g l e r e p r e s e n t a t i v e sample i s d i f f i c u l t to 
d e f i n e and may not have any environmental s i g n i f i c a n c e . 
S i n c e the samples cannot be s t o r e d r e l i a b l y , the numbers and 
p o i n t s of sampling are r e s t r i c t e d by the r a t e a t which they 
can be analysed and a compromise sampling s t r a t e g y i s 
t h e r e f o r e necessary. 
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The compromise sampling s t r a t e g y adopted was as f o l l o w s : 
A. E ^ t q ^ r y work. 
The samples were g e n e r a l l y c o l l e c t e d from the s u r f a c e (about 
0.5 metres depth) with a p l a s t i c bucket washed s e v e r a l times 
i n the water and an a l i q u o t immediately f i l t e r e d (GF/F) i n t o 
a polythene v i a l (25 ml) and kept i n i c e u n t i l a n a l y s e d i n 
the l a b o r a t o r y . Normally 10 samples were c o l l e c t e d as t h i s 
was the maximum number capable of being analysed i n a day. 
B. Western E n g l i s h Channel work. 
Two s t r a t e g i e s were adopted f o r c l e a r sea water. 
a. L^boratoyy a n a l y s e s . 
For l a b o r a t o r y a n a l y s e s , the samples were c o l l e c t e d i n 
standard r e v e r s i n g b o t t l e s , e i t h e r as s u r f a c e samples a t 
p e r i o d i c i n t e r v a l s on a h o r i z o n t a l t r a n s e c t between two 
p o i n t s or on a g r i d of s t a t i o n s or n e a r l y i n s t a n t a n e o u s l y i n 
depth p r o f i l e s of the water column. The samples (normally . 
8-10) were s t o r e d i n polythene v i a l s (25 ml) i n i c e u n t i l 
analysed i n the l a b o r a t o r y . The a n a l y s e s would normally be 
completed w i t h i n 18 hours of c o l l e c t i o n . 
b. 9hi.pboc^rd a n a l y s e s . 
For shipboard a n a l y s e s , t h r e e or four samples per c a s t were 
g e n e r a l l y c o l l e c t e d a t a time and the a n a l y s e s were t h e r e f o r e 
able to be completed w i t h i n 3-4 hours. 
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Concluding remarks on the sampling s t r a t e g y . 
storage and p r e s e r v a t i o n of environmental samples. 
1. Sampling s t r a t e g y . 
As p r e v i o u s l y s t a t e d t h e r e was always an i n t e r v a l of time 
between c o l l e c t i o n time and a n a l y s i s time even when working 
a t sea s i n c e the time taken to a n a l y s e one sample was about 
an hour. Therefore t h e r e was a compromise of sampling 
s t r a t e g y between s t a t i s t i c a l l y meaningful data and the 
r e l i a b i l i t y of a given a n a l y s i s i n r e l a t i o n to the 
i n s t a b i l i t y of the sample. W h i l s t t h i s compromise was l e s s 
than i d e a l i t was b e l i e v e d t h a t the data c o l l e c t e d were 
meaningful and c l o s e l y resembled the l e v e l s of amino a c i d s i n 
the environment. 
2. n i t r a t i o n . 
I n general the pr o c e s s of sample f i l t r a t i o n d id not appear to 
cause any sample m o d i f i c a t i o n but t h e r e was a s e r i o u s r i s k of 
sample contamination u n l e s s g r e a t c a r e was used. For c l e a r 
sea water samples i t was found p r e f e r a b l e to a n a l y s e them 
without f i l t r a t i o n but the t u r b i d waters of the e s t u a r y were 
never a n a l y s e d without f i l t r a t i o n . Sample s t a b i l i t y was 
improved by f i l t r a t i o n and c o n t r o l experiments showed t h a t 
u n f i l t e r e d samples s t o r e d f o r p e r i o d s i n e x c e s s of 24 hours, 
even when deep froz e n , were f r e q u e n t l y found to have 
undergone s i g n i f i c a n t change. 
3. Chemical p r e s e r v a t i v e s . 
The e f f e c t of chloroform was b r i e f l y examined and was found 
to be u n s u i t a b l e to preserve samples f o r the a n a l y s i s of 
amino a c i d s by t h i s new method. I t i s now known t h a t 
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chloroform i s a s t r o n g quencher of OFT-amino a c i d 
f l u o r e s c e n c e (Simons & Johnson 1978) 
4. Storage c o n t a i n e r s . 
The composition of sample v i a l s was not found to m a t e r i a l l y 
a f f e c t the r e s u l t s of amino a c i d a n a l y s e s by t h i s new method. 
In general i t was found t h a t the v i a l s gave r e l i a b l e r e s u l t s 
provided they had been c o n d i t i o n e d i n sea water. 
5. S^mplQ storage. 
The r e s u l t s of t h e s e experiments show t h a t much more work i s 
needed to develop a method s u i t a b l e f o r the storage of 
environmental samples f o r amino a c i d a n a l y s i s . For the 
purpose of t h i s work i t was assumed t h a t only samples 
i n j e c t e d w i t h i n a few hours of c o l l e c t i o n gave v a l i d r e s u l t s . 
6. Anomalous data. 
When anomalous data f o r other d i s s o l v e d n i t r o g e n compounds 
(measured by M . I . L i d d i c o a t a t the Laboratory of the Marine 
B i o l o g i c a l A s s o c i a t i o n , Plymouth) f o r a l i q u o t s of the same 
samples were found, the amino n i t r o g e n data was r e j e c t e d . 
7. Use a t sea. 
T h i s method was developed f o r use both i n the l a b o r a t o r y and 
a t sea. I t was used a t s e a during c r u i s e s on the NERC 
Research V e s s e l F r e d e r i c k R u s s e l l when i t performed w e l l 
under d i f f i c u l t weather c o n d i t i o n s i n c l u d i n g a Force 8 g a l e . 
Computer c o n t r o l of g r a d i e n t p r o f i l e s and programmable 
conversion of peak a r e a s to mole f r a c t i o n s of amino a c i d s not 
only g r e a t l y speeded a n a l y s i s but a l s o rendered the method 
more u s e f u l f o r shipboard use by making i t more independent 
of the operator. 
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The new o b j e c t i v e s i n d i c a t e d bv the p r e l i m i n a r y 
r e s u l t s of environmental measurements. 
The o r i g i n a l aim of t h i s work was concerned w i t h the removal 
of amino a c i d s from e s t u a r i n e water by t h e i r i n t e r a c t i o n with 
p a r t i c u l a t e m a t e r i a l . However during the course of the 
development work f o r the amino a c i d a n a l y s i s of sea water by 
HPLC i t soon became ev i d e n t t h a t the c o n c e n t r a t i o n s of t h e s e 
compounds were often g r e a t l y i n excess of t h a t p r e v i o u s l y 
reported. Despite the d e t a i l e d examination of the a n a l y t i c a l 
method and the sampling and storage procedures as o u t l i n e d 
above the e x i s t e n c e of such high l e v e l s remained a f i r m 
c o n c l u s i o n . As a consequence of t h i s a new emphasis f o r t h i s 
work was i n d i c a t e d . 
Amino a c i d s have long been the s u b j e c t of i n v e s t i g a t i o n s i n 
r e l a t i o n to b i o l o g i c a l i n f l u e n c e s i n marine systems and s i n c e 
t h i s new evidence of h i g h e r c o n c e n t r a t i o n s c o n t r a d i c t s 
previous accounts i t was decided to r e a s s e s s the r o l e of 
these compounds i n the sea. 
The d i f f e r e n c e between the observed l e v e l s and e a r l i e r 
r e p o r t s was a t t r i b u t e d to an advancement i n methodology. 
I t was proposed to determine the occurrence, d i s t r i b u t i o n and 
seasonal v a r i a t i o n of the amino a c i d s i n e s t u a r i n e and sea 
waters and r e l a t e t h i s knowledge to the b i o t a . 
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Chapter 3. 
AMINO ACIDS IN THE WESTERN ENGLISH CHANNEL. 
Jpt^roductjop. 
During the development of the new HPLC method f o r the 
e s t i m a t i o n of d i s s o l v e d f r e e amino a c i d s i n sea water ( a s 
o u t l i n e d above) a number of e s t u a r i n e and sea water samples 
were analysed to t e s t the v a l i d i t y of the method (see 
Chapter 2 ) . These i n i t i a l a n a l y s e s of environmental samples 
seemed to i n d i c a t e t h a t p r e v i o u s r e p o r t s may have 
underestimated the c o n c e n t r a t i o n of amino-nitrogen i n 
inshore waters. Consequently, the s i g n i f i c a n c e of amino 
a c i d s as a source of n i t r o g e n i n p r o d u c t i v i t y s t u d i e s may 
not have been f u l l y a p p r e c i a t e d and a programme of work was 
designed to determine whether or not t h e i r s e a s o n a l 
v a r i a t i o n i n the western E n g l i s h channel would g i v e support 
to t h i s suggestion. 
Eairl,y pJ^^Qd^q1;ivity vfork. 
D i s s o l v e d n u t r i e n t s i n the sea have been of i n t e r e s t i n 
p r o d u c t i v i t y s t u d i e s f o r over t h r e e q u a r t e r s of a century. 
T h e i r r o l e i n the oceans has been compared w i t h t he 
c l a s s i c a l h o r t i c u l t u r a l and a g r i c u l t u r a l t h e o r i e s , 
a t t r i b u t e d to L i e b i g , from the e a r l y n i n e t e e n t h centuary. 
The theory was t h a t p l a n t growth was r e g u l a t e d by the amount 
of n u t r i e n t a v a i l a b l e i n the s o i l : i n c r e a s e d crop y i e l d s 
could be achieved by a p p l y i n g more f e r t i l i s e r t o the ground. 
Healthy growth was dependant upon the amount and 
a v a i l a b i l i t y of n u t r i e n t s such as n i t r o g e n and phosphorous. 
I f nitrogen, f o r example, was i n s h o r t supply then growth 
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would be a f f e c t e d causing a reduced crop y i e l d : n i t r o g e n was 
then d e s c r i b e d as being the g r o w t h - l i m i t i n g n u t r i e n t . 
E a r l y work on d i s s o l v e d n i t r o g e n i n the sea was dominated by 
the determination of n i t r a t e and n i t r i t e l e v e l s . T h i s was 
mainly due to the d i f f i c u l t y of e s t i m a t i n g the other forms of 
d i s s o l v e d nitrogen. The more d i f f i c u l t e s t i m a t i o n s i n c l u d e d 
t h a t of such compounds as ammonia and a v a r i e t y of o r g a n i c 
compounds i n c l u d i n g amino a c i d s . These o r g a n i c forms of 
n i t r o g e n a r e found i n the water as a r e s u l t of b i o l o g i c a l 
p rocesses such as e x c r e t i o n , decomposition and decay of 
l i v i n g and dead c e l l u l a r m a t e r i a l . 
I t q u i c k l y became e s t a b l i s h e d during the e a r l y s t u d i e s of 
d i s s o l v e d n i t r o g e n i n the sea t h a t the i n o r g a n i c forms were 
s p e e d i l y consumed as p l a n t growth i n c r e a s e d i n the sea during 
the phytoplankton s p r i n g bloom (Harvey 1939). The n i t r a t e 
c o n c e n t r a t i o n remained very low i n the euphotic zone of the 
sea during the main growing months of the year. F r e q u e n t l y 
n i t r a t e and n i t r i t e l e v e l s were below the l i m i t s of 
d e t e c t i o n . I n the autumn, when the number of phytoplankton 
became c o n s i d e r a b l y reduced compared with summer populations, 
d i s s o l v e d i n o r g a n i c n i t r o g e n c o n c e n t r a t i o n s were r e s t o r e d to 
t h a t of t h e i r r e l a t i v e l y high w i n t e r v a l u e s by 
r e m i n e r a l i s a t i o n processes ( F i g u r e 3.1) Harvey (1926). 
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F i g u r e 3. 1 
The s e a s o n a l v a r i a t i o n of n i t r a t e and n i t r i t e . 
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I n deeper water below the euphotic zone n i t r a t e l e v e l s were 
known to remain r e l a t i v e l y high throughout the y e a r s i n c e i n 
most c a s e s phytoplankton are only found a t depths to which 
l i g h t i s a b l e t o p e n e t r a t e . I n r e g i o n s w i t h mixed water and 
i n a r e a s of u p w e l l i n g such as the west c o a s t of South 
America t h e r e i s no such l i m i t a t i o n on the a v a i l a b i l i t y of 
i n o r g a n i c n i t r o g e n , and t h e r e f o r e of p r o d u c t i v i t y , s i n c e 
intermediate 
r i c h .5 water i s a b l e to mix w i t h the l e a n e r s u r f a c e water 
and r e p l e n i s h the n i t r o g e n supply. However, i n the Western 
E n g l i s h Channel, f o r example, the water f r e q u e n t l y becomes 
s t r a t i f i e d i n the summer months. Here a therraocline can be 
found between s u r f a c e and deep waters. The two bodies of 
water a r e not a b l e to mix and the phytoplankton s t r i p 
n i t r a t e from the upper l a y e r s of the s e a . 
I f L i e b i g s theory can be a p p l i e d to the s e a n i t r o g e n should 
be a g r o w t h - l i m i t i n g n u t r i e n t . But the l a c k of n i t r a t e was 
not accompanied by a s i m i l a r d e c r e a s e i n primary 
p r o d u c t i v i t y . On the c o n t r a r y , t h i s anomody was the 
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"something f o r nothing paradox" r e f e r r e d to by McCarthy 
(1980), which was t h a t p l a n t s can grow and f l o u r i s h i n the 
absence of measurable q u a n t i t i e s of d i s s o l v e d i n o r g a n i c 
nitrogen. E s t i m a t i o n s by B u t l e r e t a l . (1979), i n the 
Western E n g l i s h Channel, c l e a r l y show t h a t the c o n c e n t r a t i o n 
of t o t a l d i s s o l v e d n i t r o g e n remains r e l a t i v e l y c o n s t a n t 
throughout the year ( F i g u r e 3.2). I n f a c t the t o t a l l e v e l s 
reported average 12 p gi a t s N 1" i and a r e s u r p r i s i n g l y 
s i m i l a r i n the euphotic zone of many d i f f e r e n t a r e a s of the 
globe ( B u t l e r e t a l . 1979). Consequently, i f a supply 
of n i t r o g e n i s e s s e n t i a l f o r growth, forms of d i s s o l v e d 
n i t r o g e n other than n i t r a t e must be a v a i l a b l e i n the water 
to support phytoplankton growth. 
F i g u r e 3.2 
T o t a l d i s s o l v e d n i t r o g e n compounds i n the waters 
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R e l i a b l e a n a l y t i c a l methods f o r some o t h e r forms of 
d i s s o l v e d n i t r o g e n s p e c i e s , such as urea and ammonium i o n s , 
have been developed over the l a s t twenty y e a r s . When the 
measured c o n c e n t r a t i o n s of these a r e taken i n t o account the 
amount of d i s s o l v e d u n i d e n t i f i e d forms of n i t r o g e n remaining 
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i n t h e upper l a y e r s of t h e s e a s t i l l r e m a i n s r e l a t i v e l y l a r g e 
( F i g u r e 3 . 3 ) . 
F i g u r e 3.3 
U n i d e n t i f i e d f r a c t i o n of t h e t o t a l d i s s o l v e d 
ni%i:QP,eri shown i n F i f f l i r e 3,2, 
:0 
69| 







Note: - - - 8 i e ^ ^ 2 
U n i d e n t i f i e d n i t r o g e n = T o t a l n i t r o g e n - ( n i t r a t e + 
n i t r i t e + ammonia + u r e a ) 
S i n c e t h e d i s s o l v e d i n o r g a n i c n i t r o g e n ( i . e . n i t r a t e and 
n i t r i t e ) i s o n l y p r e s e n t i n t h e w a t e r a t v e r y low 
c o n c e n t r a t i o n s d u r i n g t h e summer and t h e m e asured t o t a l 
amounts t o a b o u t 12 ju g-; a t s N 1" i ; t h e b u l k of t h e 
d i s s o l v e d n i t r o g e n must t h e r e f o r e be p r e s e n t a s d i s s o l v e d 
o r g a n i c n i t r o g e n ( F i g u r e 3 . 4 ) . Most o f t h e o r g a n i c forms have 
y e t t o be i d e n t i f i e d and seem t o c o m p r i s e t h e " u n a c c o u n t a b l e 
f r a c t i o n " r e f e r r e d t o above. 
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F i ^ r e 3.4 
The s e a s o n a l v a r i a - b i o n of d i s s o l v e d o r g a n i c and 
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I t would be e x p e c t e d t h a t amino a c i d s would make some 
c o n t r i b u t i o n t o t h i s o r g a n i c n i t r o g e n p r e s u m a b l y a s a r e s u l t 
o f e x c r e t i o n and m i c r o h e t e r o t r o p h i c a c t i v i t i e s . T h e r e i s , 
however, some c o n f u s i o n a s t o t h e l e v e l s o f amino a c i d s 
n o r m a l l y p r e s e n t i n t h e s e a . T a b l e 2.1 g i v e s some examples of 
t h e r e p o r t e d l e v e l s o f d i s s o l v e d f r e e amino a c i d s i n s e a 
w a t e r . W h i l e t h e r e a r e w i d e l y d i f f e r i n g r e c o r d s o f t h e 
amounts measured i t h a s been g e n e r a l l y a c c e p t e d t h a t t h e 
t o t a l c o n c e n t r a t i o n of t h e s e compounds amounts t o o n l y about 
0.2x10-6 moles 1*1 ( W i l l i a m s 1 9 7 5 ) . At t h i s l e v e l , 
t h e y c a n a c c o u n t f o r o n l y a v e r y s m a l l p r o p o r t i o n of t h e 
t o t a l d i s s o l v e d n i t r o g e n i n t h e s e a . 
S i n c e p r e l i m i n a r y s t u d i e s u s i n g t h e d i r e c t a n a l y s i s method 
had shown l e v e l s o f amino a c i d s of t h e o r d e r of ab o u t 2-3 ^ 
moles 1-1 , t h e d e s i r a b i l i t y of u n d e r t a k i n g a s e a s o n a l 
e x a m i n a t i o n of amino a c i d l e v e l s t o d e t e r m i n e i f t h e amino 
a c i d s d i d i n d e e d c o n s t i t u t e a s i g n i f i c a n t p r o p o r t i o n of t h e 
d i s s o l v e d o r g a n i c n i t r o g e n seemed most w o r t h w h i l e . 
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The r e s u l t s o f t h e s e a s o n a l s u r v e y o f t h e l e v e l s o f amino 
a c i d s i n s e a w a t e r a r e d e t a i l e d i n a p p e n d i x A and a r e 
summarised below. 
T a b l e 3.1 g i v e s a summary of t h e r e s u l t s of a b o u t 200 
e s t i m a t i o n s o f d i s s o l v e d f r e e amino a c i d s i n E n g l i s h C h a n n e l 
w a t e r s c o l l e c t e d from t h e a r e a shown i n t h e map ( F i g u r e 3 . 5 ) . 
T a b l e 3.2 s u m m a r i s e s t h e d a t a i n a p p e n d i x A a s i n d i v i d u a l 
t o t a l a m i n o - n i t r o g e n measurements on a monthly b a s i s . I t was 
no t a l w a y s p o s s i b l e t o c o l l e c t and a n a l y s e s e a w a t e r s a m p l e s 
when r e q u i r e d due t o l o g i s t i c a l d i f f i c u l t i e s s u c h a s bad 
w e a t h e r c o n d i t i o n s . C o n s e q u e n t l y d i f f e r e n t numbers of s a m p l e s 
were a n a l y s e d a t d i f f e r e n t t i m e s of t h e y e a r . 
F i g u r e 3.5 
A r e a o f s a m p l i n g . 
Portland B i l l 
Eddystone 
L i z a r d Point E n g l i s h C h a n n e l 
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T a b l e 3.1 
o 
CO 
Summary of t o t a l f r e e amino - n i t r o H e n f a l l d e p t h s ) 
i n w e s t e r n E n g l i s h c h a n n e l w a t e r s ( s e e appendix A) 
Month Ave. No. of S t d . C o e f f . %amlno-N %amino- N TN DON 
amino-N Samples Dev. Var. of TN of DON 
Ja n 3 7 7 2.15 58% 32% 78% 11 .6 4.7 Feb 2 1 11 0.87 41% 17% 38% 12 .5 5.5 Mar 2 9 14 1.41 49% 24% 49% 12 .3 5.9 Apr 2. 5 31 1.06 42% 24% 41% 10 . 4 6.1 May 2. 6 31 1.47 57% 27% 35% 9 .6 7.5 Jun 2. 1 6 1.32 63% 26% • 27% 8 .2 7.7 J l y 1 . 4 18 0.98 70% 14% 16% 9 .9 8.8 Aug 1. 6 15 0.66 42% 14% 16% 11 .6 10.1 Sep 2. 7 33 1.36 51% 27% 40% 9 .9 6.8 Oct 2. 2 22 1.12 49% 20% 33% 11 .2 6.6 Nov 3. 2 6 1.65 52% 31% 59% 10 .4 5.4 Dec 2. 9 17 2.36 82% 29% 64% 10 .0 4.5 
Average 2. 4 211 1.68 69% 23% 36% 10 .6 6.6 
Key: TN: t o t a l d i s s o l v e d n i t r o g e n DON: d i s s o l v e d o r g a n i c n i t r o g e n 
amino-N: a m i n o - n i t r o g e n 
u n i t s : amino-N : 1 x 10-6 moles l " * 
TN and DON : p gm a t s N l - i 
Note: The t o t a l n i t r o g e n and d i s s o l v e d o r g a n i c n i t r o g e n d a t a was 
t a k e n from B u t l e r e t a l . (1979) 
T a b l e 3.2 
E n g l i s h c h a n n e l s e a water t o t a l a m i n o - n i t r o g e n 
( g U d e p t h s ) shown i n T a b l e 3.1 
u n i f ^ : 1x10-6 moles 1-1 
Jan Feb Mar Apr I 76 3 .62 2 .36 2 .23 1 50 2 12 4 .83 1 .24 2 66 2 20 13 .41 1 . 12 3 28 1 57 3 74 13 41 3 45 3 27 2 40 1 .85 6. 19 1 90 1 71 1 16 7 10 1 22 2 46 3 85 1. 99 4 21 2 36 1. 00 3 90 1 35 1 . 31 0 72 1 21 3. 11 5 08 1 95 
3. 62 3. 61 
3. 33 2. 54 














































































































































































The measurements of d i s s o l v e d f r e e amino a c i d s i n t h e 
w e s t e r n E n g l i s h C h a n n e l ; where t h e s a l i n i t y f a l l s w i t h i n t h e 
r a n g e 34.9 t o 35.4, made o v e r a c o m p l e t e s e a s o n , g i v e n h e r e 
( T a b l e 3 . 1 ) , c l e a r l y i n d i c a t e d t h a t t h e c o n c e n t r a t i o n s 
a v e r a g e a b o u t 2.5 y moles 1-1 . T h i s was an o r d e r o f 
magnitude g r e a t e r t h a n was p r e v i o u s l y g e n e r a l l y a c c e p t e d . 
The t o t a l a m i n o - n i t r o g e n showed a s e a s o n a l v a r i a t i o n w i t h 
t h e l o w e s t v a l u e s b e i n g found i n t h e summer months; t h e 
v a r i a t i o n o v e r a p e r i o d o f t w e l v e months has n e v e r b e e n 
r e p o r t e d b e f o r e . 
At some t i m e s d u r i n g t h e y e a r , p a r t i c u l a r l y i n t h e w i n t e r 
months, t h e a m i n o - n i t r o g e n a c c o u n t e d f o r o v e r 30% o f t h e 
t o t a l d i s s o l v e d n i t r o g e n ; t h i s was an o r d e r o f m a g n i t u d e 
g r e a t e r t h a n was p r e v i o u s l y g e n e r a l l y a c c e p t e d ( F i g u r e 3 . 6 ) . 
F i g u r e 3.6 
The p e r c e n t a g e aji\Xn<^ nitffPfiQO 
t o t a l d i s s o l v e d n i t r o g e n . 
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T h i s work h a s i d e n t i f i e d a c o n s i d e r a b l e p r o p o r t i o n of t h e 
p r e v i o u s l y u n i d e n t i f i e d f r a c t i o n o f d i s s o l v e d n i t r o g e n , 
r e f e r r e d t o above and, i n d e e d , e s p e c i a l l y i n t h e w i n t e r 
months, when a l l t h e o t h e r forms a r e t a k e n i n t o a c c o u n t o n l y 
a s m a l l amount of t h e u n a c c o u n t a b l e n i t r o g e n r e m a i n s t o be 
i d e n t i f i e d . R a t h e r more i s p e r s i s t e n t l y u n a c c o u n t a b l e i n t h e 
s p r i n g and summer months ( T a b l e 3.3) & ( F i g u r e 3 . 7 ) . 
A s e a s o n a l v a r i a t i o n i n t h e amino a c i d s p e c t r u m i n E n g l i s h 
C h a n n e l w a t e r s was found. The main amino a c i d s i d e n t i f i e d 
were s e r i n e , g l y c i n e , t y r o s i n e and o r n i t h i n e ( T a b l e 3 . 4 ) . 
T a b l e 3.3 
The c o n c e n t r a t i o n s of d i s s o l v e d n i t r o g e n compounds 
i n t h e w e s t e r n E n g l i s h c h a n n e l 
N03 NH4 U r e a NH2 TN % 
i d e n t 
J a n 6.9 0.0 0.9 4.5 11 6 106 
Feb 7.0 0.0 0.7 2.9 12 5 85 
Mar 6.4 0.5 1.4 3.6 12 3 97 
Apr 4.3 0.0 1.0 3.0 10 4 80 
May 2.1 1.0 1.8 3. 2 9 6 84 
J une 0.5 0 . 6 2.9 2.8 8 2 83 
J u l 1. 1 0 . 7 1.8 1.8 9 9 55 
Aug 1.5 0.5 2.0 11 6 34 
Sep 3.1 1.0 0.9 3.3 9 9 84 
O c t 4 . 6 0.6 3.3 2.7 11 2 100 
Nov 5.0 0.0 1 . 4 3. 9 10 4 99 
Dec 5.5 0.9 1. 7 3.6 10 0 117 
u n i t s : a t s N 1- 1 
Note 1 : N03 n i t r a t e , NH4 ammonia. 
NH2 amino n i t r o g e n , TN t o t a l n i t r o g e n 
Note 2: t h e monthly mean v a l u e s f o r n i t r a t e 
ammonia, u r e a and t o t a l n i t r o g e n a r e t a k e n 
from B u t l e r e t a l . ( 1 9 7 9 ) 
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F i g u r e 3.7 
The s e a s o n a l v a r i a t i o n of t h e now r e m a i n i n g 
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Month 
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T a b l e 3.4 
The a v e r a g e monthly spectrum of amino a c i d s 
i n wflt^JT ghown jin T f lb J re 3 , 2 . 
Average 
f o r 
J a n Feb Mar Apr May Jun J u l Aug Sep Oct Nov Dec Y e a r 
Asp 6 6 7 5 7 6 7 5 - 6 5 6 7 6 
G l u 5 3 3 2 4 4 6 3 • 3 3 3 5 4 
Asn 2 1 2 1 1 0 0 1 1 0 1 1 1 
S e r 6 17 17 13 15 11 12 11 15 7 15 16 13 
H i s 4 3 3 3 4 7 3 2 2 4 4 3 3 
G l y 8 16 19 11 12 14 9 10 14 7 13 15 12 
Thr 5 2 4 3 4 4 3 1 3 7 4 4 4 
Arg 1 1 0 0 0 2 0 0 0 1 1 1 1 
A l a 6 7 7 6 8 8 7 7 7 13 7 7 7 
T y r 24 6 6 28 13 6 16 16 9 6 18 8 13 
Abu 4 3 3 2 3 3 2 2 3 3 3 2 3 
Gab 0 0 1 1 0 0 0 0 0 6 0 2 1 
V a l 5 3 4 4 4 5 4 4 2 3 4 3 3 
Met 0 0 0 0 0 0 0 0 0 0 0 0 0 
Try 2 0 0 0 0 0 0 0 1 0 0 0 0 
Phe 4 1 2 3 3 6 2 3 1 13 3 4 4 
H e 4 0 1 3 3 4 1 7 2 7 3 2 3 
Leu 6 4 2 3 6 5 4 6 14 9 3 6 7 
Orn 6 20 14 9 9 13 19 16 13 6 9 10 12 
Lys 3 6 4 3 4 4 4 3 3 1 3 3 4 
The s p a t j ^ a l d i s t r i b u t i o n o f a m i n o - n i t r o g e n . 
A n o t a b l e v a r i a t i o n i n t h e d i s t r i b u t i o n of b o t h t h e t o t a l 
a m i n o - n i t r o g e n c o n c e n t r a t i o n s and i t s p e r c e n t a g e c o m p o s i t i o n 
was o b s e r v e d i n s u r f a c e w a t e r s of t h e w e s t e r n E n g l i s h 
C h a n n e l . A t y p i c a l example i s g i v e n i n T a b l e s 3.5 & 3.6. 
T a b l e 3.5 
R e s u l t s of s^xf^c^ s a m p l e s of s e a w a t e r 
Sample 
Asp 0 
G l u 
Asn 
S e r 
H i s 
G l y 
T h r 
Arg 
A l a 
T y r 
Abu 
Gab 
V a l 
Met 





















































































































































































T o t a l 0.63 2.92 1.43 1.15 1.30 0.96 2.54 0.93 
u n i t s : 1 X 10-s moles 1"! 
Note: The scimples were t a k e n a l o n g a l i n e from 
t h e E d d y s t o n e ( s t a t i o n 1) t o F l y i n o u t h b r e a k w a t e r 
( s t a t i o n 8) a t e q u a l i n t e r v a l s ( a b o u t 2 km). 
The s a m p l e s were f i l t e r e d i n t h e l a b o r a t o r y and 
were a n a l y s e d s e r i a l l y i n t h e o r d e r shown w i t h i n 
a few h o u r s of c o l l e c t i o n . 
The t o t a l a n a l y s i s t i m e was about 8 h o u r s 
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T a b l e 3.6 
% C o m p o s i t i o n 
i n T a b l e 3.4. 
of t h e amino a c i d s shown 
Sampl e 1 2 3 4 5 6 7 8 Asp 5 6 5 5 5 7 6 3 G l u 5 5 6 5 1 3 3 2 Asn 0 2 4 0 2 2 2 4 
S e r 13 12 10 10 8 11 12 9 
H i s 0 3 0 0 2 6 3 1 
G l y 14 5 12 11 7 3 11 8 T h r 0 5 0- 0 1 1 5 2 
A r g 0 1 0 0 2 3 1 0 
A l a 10 8 7 8 5 9 9 5 
T y r 27 8 14 23 18 19 8 20 
Abu 3 2 2 3 2 2 2 2 
Gab 0 1 0 0 0 0 1 0 
V a l 0 5 6 6 5 4 6 4 
Met 0 0 0 0 0 0 0 1 
T r y 0 1 0 0 0 0 0 0 
Phe 0 6 0 0 2 4 2 1 
H e 0 3 0 0 8 1 4 4 
Leu 0 10 12 16 9 5 8 17 
Orn 24 11 13 13 14 13 11 15 
L y s 0 5 10 0 10 5 6 0 
The v e r t i c a l d i s t r i b u t i o n of a m i n o - n i t r o g e n a t s t a t i o n E l i n 
t h e w e s t e r n E n g l i s h c h a n n e l and i t s r e l a t i o n s h i p t o o t h e r 
p a r a m e t e r s a n a l y s e d i n a l i q u o t s o f t h e same s a m p l e s of s e a 
w a t e r a t a t i m e of y e a r when t h e r e was c o n s i d e r a b l e 
b i o l o g i c a l a c t i v i t y i s g i v e n i n T a b l e 3.7. 
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T a b l e 3.7 
Samples t a k e n a t 7 depths from E l showing amino 
n i t r o g e n l e v e l s i n u n s t r a t i f i e d w a t e r s and t h e i r 
r e l a t i o n s h i p tQ 9 t h Q r p£^y£^meteirs, 
May 1983 
Depth Temp S a l TN NOa NH4 NH2 % 
metres r e m a i n d e r 
0 10.59 35.07 11.45 0.16 1.71 2.76 6.82 60.0 
5 10.50 35.07 7.85 0. 32 0.76 1.94 4.83 61. 5 
10 10.44 35.09 7.60 0.27 1.23 4.45 1.65 22.0 
20 10.43 35.09 7.96 0.09 1.32 2.33 4.22 53.0 
35 10.39 35.09 6.49 0.36 1.15 1.35 3.63 55.9 
50 10.15 35. 13 12.24 1.70 1.26 2.21 7.03 57.4 
70 10.12 35.14 9.59 1.83 1.91 1.58 4.20 43.8 
u n i t s : t e m p e r a t u r e (Temp): deg.C; s a l i n i t y : ( S a l ) ; 
amino a c i d (NH2): 1x10-6 moles l - i 
t o t a l n i t r o g e n (TN), n i t r a t e (NOa), ammonia (NH4): 
\i gm.ats. N 1-1 
Note 1: The r e m a i n d e r i s t h e p e r c e n t a g e of u n i d e n t i f i e d 
d i s s o l v e d n i t r o g e n i n t h e s e samples. 
Note 2: The samples were f i l t e r e d i n t h e l a b o r a t o r y and 
were a n a l y s e d s e r i a l l y i n t h e o r d e r shown w i t h i n 
a few h o u r s of c o l l e c t i o n . 
The t o t a l a n a l y s i s t i m e was about 7 h o u r s 
The main f e a t u r e s of T a b l e 3.7 a r e o u t l i n e d below. 
1. The w a t e r t e m p e r a t u r e . 
T h e r e was a s h a r p e r change i n t e m p e r a t u r e between t h e 35 and 
50 m e t r e s s a m p l e s t h a n between t h e o t h e r s a m p l e s i n d i c a t i n g 
t h e b e g i n n i n g s of a t h e r m o c l i n e . 
2. The s a l i n i t y . 
S a l i n i t y i n c r e a s e d o n l y s l i g h t l y w i t h d e p t h . 
3. The t o t a l d i s s o l v e d n i t r o g e n . 
The s u r f a c e sample and t h e 50 and 70 m e t r e s a m p l e s c o n t a i n e d 
somewhat h i g h e r l e v e l s of t o t a l d i s s o l v e d n i t r o g e n t h a n t h e 
o t h e r s . 
4. N i t r a t e . 
The c o n c e n t r a t i o n of n i t r a t e was t y p i c a l l y low i n t h e 0 t o 
35 metre s a m p l e s and h i g h e r below t h e e u p h o t i c zone. 
5. Ammonium-nitrogen. 
I n t h e s e s a m p l e s t h e ammonium-nitrogen c o n c e n t r a t i o n was 
f a i r l y c o n s t a n t w i t h d e p t h e x c e p t i n t h e 5 m e t r e s sample 
w h i c h c o n t a i n e d about 50% l e s s t h a n t h e o t h e r s a m p l e s . 
6. A m i n o - n i t r o g e n . 
The c o n c e n t r a t i o n s of a m i n o - n i t r o g e n were v a r i a b l e w i t h 
d e p t h . The g r e a t e s t amount o c u r r e d i n t h e 10 m e t r e s sample 
and t h e l o w e s t i n t h e 70 m e t r e s sample. 
7. P o s s i b l e i n f l u e n c e s by t h e b i o t a . 
I t c o u l d be p r e d i c t e d t h a t t h e p h y t o p l a n k t o n would be 
p r e s e n t i n t h e 0 t o 35 metre s a m p l e s and a b s e n t from t h e 50 
and 70 metre s a m p l e s shown i n T a b l e 3.7 s i n c e t h e l a t t e r two 
were t a k e n from a d e p t h below t h e e u p h o t i c zone. N i t r a t e 
l e v e l s , t h e r e f o r e , were low i n t h e s a m p l e s w h i c h c o n t a i n e d 
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t h e p h y t o p l a n k t o n w h e r e a s ammonium-nitrogen and 
a m i n o - n i t r o g e n l e v e l s were r a t h e r h i g h e r and more v a r i a b l e . 
The s i g n i f i c a n c e o f h i g h l e v e l s o f a m i n o - n i t r o g e n was 
e m p h a s i s e d by c o n v e r t i n g t h i s d a t a from p moles l - i t o 
yi gm a t s N l - i . T a b l e 3.8 g i v e s t h e monthly mean v a l u e s 
f o r t o t a l amino a c i d s i n s u c c e s s i v e y e a r s . T h i s d a t a c a n be 
d i r e c t l y compared w i t h o t h e r d i s s o l v e d n i t r o g e n d a t a . 
F i g u r e 3.8. g i v e s a p l o t o f t h e d a t a i n T a b l e 3.8. G i v e n t h e 
f a c t t h a t o n l y two s e a s o n s d a t a h a v e been c o l l e c t e d and t h a t 
t h e number of s a m p l e s c o l l e c t e d p e r month v a r i e d t h e r e b y 
making some d a t a p o i n t s more r e l i a b l e t h a n o t h e r s , a 
r e p e a t i n g s e a s o n a l p a t t e r n o f t o t a l amino n i t r o g e n l e v e l s 
seems t o be p r e s e n t . 
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T a b l e 3.8. 
Monthly mean v a l u e s -for t o t a l amino a c i c j 
c o n c e n t r a t i o n s a t a l l d e p t h s . 
u n i t s : 1 X 10-6 moles l - i 
1982 1983 1984 w e i g h t e d 
J a n 3.37 3.4 
Feb 3.62 1.96 2.1 
Mar 3. 59 2.79 2.9 
Apr 2.39 1.88 3.13 2.5 
May 2.87 2.40 2.6 
Jun 2.06 2.1 
J u l 1. 38 1. 4 
Aug 1.66 1.48 1.6 
Sep 2.99 2. 25 2.7 
Oc t 2.49 2.2 
Nov 2.00 3.75 3.2 
Dec 5.53 3. 17 2.9 
The same d a t a r e c a l c u l a t e d i n p g' a t s N 1" 1 
1982 1983 1984 1 w e i g h t e d 
J a n 4.48 4. 48 
Feb 4. 70 2.67 2.85 
Mar 4. 30 3.48 3.59 
Apr 2.84 2. 19 3.84 3.03 
May 3.45 2.94 3. 17 
Ju n 2.76 2.76 
J u l 1.76 1.76 
Aug 2.12 1.85 1.98 
Sep 3.73 2.74 3.30 
Oc t 3.28 2.71 
Nov 2.80 4. 38 3.85 
Dec 6.67 3.97 3.57 
mean 
F i g u r e 3.8 
Monthly mean v a l u e s o f t o t a l amino n i t r o g e n f o r 
a l l d e p t h s i n s u c c e s s i v e s e a s o n s . 
1964 
4 ' i ' l 
1 9 l i -2 4 6 
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T a b l e 3.9 shows t h e r e l a t i v e p r o p o r t i o n amino n i t r o g e n 
c o n t r i b u t e s t o t h e t o t a l d i s s o l v e d n i t r o g e n and t h e 
d i s s o l v e d o r g a n i c n i t r o g e n i n t h e w e s t e r n E n g l i s h C h a n n e l . 
T a b l e 3.9. 
P e r c e n t a g e u gi- a t s amino N of t o t a l n i t r o g e n 
1982 1983 1984 A l l 
J a n 39 39 
Feb 38 21 23 
Mar 35 28 29 
Apr 27 21 39 29 
May 36 31 33 
Jun 34 34 
J u l 18 18 
Aug 18 16 17 
Sep 38 28 33 
Oct 29 24 
Nov 27 46 37 
Dec 67 40 36 
P e r c e n t a g e \i s:.. a t s amino N of o r g a n i c n i t r o g e n 
1982 1983 1984 A l l 
J a n 95 95 
Feb 85 49 52 
Mar 73 59 61 
Apr 47 36 63 50 
May 46 39 42 
Jun 36 36 
J u l 20 20 
Aug 21 18 20 
Sep 55 40 49 
O c t 50 41 
Nov 52 81 71 
Dec 148 88 79 
ThQ g ^ l ^ e y i t f e a t u r e s o f t h e r e s u l t s of am;i,no c ^ c i d 
measurements i n t h e E n g l i s h C h a n n e l p r e s e n t e d h e r e . 
1. The c o n c e n t r a t i o n o f amino a c i d s i n t h e W e s t e r n E n g l i s h 
C h a n n e l , 
The r e s u l t s of t h e s e s t u d i e s c l e a r l y show t h a t amino a c i d s 
a r e o f t e n p r e s e n t i n c o a s t a l s e a w a t e r a t h i g h e r l e v e l s t h a n 
was p r e v i o u s l y g e n e r a l l y a c c e p t e d ( 2 . 5 p moles 1 - i 
compared w i t h 0.2 \x moles 1" ^  ) . 
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A s e a r c h of the l i t e r a t u r e shows t h a t a number of previous 
r e p o r t s of higher l e v e l s of amino-nitrogen have been 
publ i s h e d mostly i n measurements made i n i n s h o r e waters but 
a l s o o c c a s i o n a l l y i n o c e a n i c waters. Table 3.10 g i v e s some 
examples of these other r e p o r t s of l e v e l s i n e x c e s s of those 
g e n e r a l l y accepted, i n c l u d i n g the method of a n a l y s i s and the 
area of sea sampled. 
These previous r e p o r t s which appear to have been l a r g e l y 
ignored and the data of the p r e s e n t work c l e a r l y show t h a t 
r e l a t i v e l y high c o n c e n t r a t i o n s of amino-nitrogen can occur 
i n c e r t a i n a r e a s from a number of d i f f e r e n t p a r t s of the 
globe. Subsequently C a r l u c c i e t a l . (1984) and Poulet 
(1984) have a l s o reported higher c o n c e n t r a t i o n s of d i s s o l v e d 
f r e e amino a c i d s i n sea water. 
2. The percentage amino a c i d n i t r o g e n of the t o t a l d i s s o l v e d 
nitrogen. 
The t o t a l amino a c i d n i t r o g e n f a l l s to i t s lowest v a l u e i n 
J u l y and August when i t accounts f o r 14% of the t o t a l 
d i s s o l v e d n i t r o g e n whereas i n the w i n t e r months i t can 
account f o r over 30% (Table 3.1). The c o n c e n t r a t i o n of amino 
nitr o g e n can a t times approach t h a t of n i t r a t e i n the w i n t e r 
months (Table 3.2). Amino a c i d s are f a r from being only a 
very small proportion of the t o t a l d i s s o l v e d n i t r o g e n i n the 
western E n g l i s h channel and c o n s t i t u t e a c o n s i d e r a b l e and 
t h e r e f o r e important p a r t of i t . 
In a d d i t i o n these r e s u l t s c l e a r l y show t h a t the d i s s o l v e d 
amino nit r o g e n c o n t r i b u t e s a s i g n i f i c a n t p r o p o r t i o n to the 




Examples of reported amino a c i d l e v e l s 
u n i t s : 1 x 10-6 moles l " * 
Reference 
Degens at ^ ( 1 9 6 4 ) 
S i t e 
Gulf of Mexico 
Palmork(1969) 
Bohling(1970) 
Clark e t a l . r i 9 7 2 ) 
Helegoland 
S . C a l i f o r n i a 
North Sea 
Alaska 
C a l i f o r n i a 
Bohling(1972) 
S c h e l l ( 1 9 7 4 ) 
North(1975) 
G a r r a s s i & Degens(1976) 
North Sea 
Daumas{1976) M a r s e i l l e 
Marchelidon(1978) T a h i t i 
Brockmann e t a l . (1979) 
Tank experiment 
Coughenower fit Curl(1979) 
Alaska 
Naletova(1979) A t l a n t i c 
Jorgensen e t a l . (1980) 







































Key: Paper Chrom.:- Paper chromatography 
G.C.:- Gas chromatography 
Ion Exch.:- Ion exchange chromatography 
TLC:- Thin l a y e r chromatography 
Dansyl:- A n a l y s i s of dansylated amino a c i d s 
HPLC:- High performance l i q u i d chromatography 
3. The u n i d e n t i f i e d n i t r o g e n f r a c t i o n . 
I t would appear t h a t other forms of d i s s o l v e d o r g a n i c 
n i t r o g e n yet to be determined, such as peptides and 
p r o t e i n s , are more l i k e l y t o be p r e s e n t i n the water column 
i n s i g n i f i c a n t amounts during the summer months. T h i s i s not 
a l t o g e t h e r s u r p r i s i n g s i n c e b i o l o g i c a l p o p u l a t i o n s are 
g r e a t e s t i n mid year but what i s unknown i s the input of 
d i s s o l v e d macromolecules r e s u l t i n g from the mass m o r t a l i t y 
of c e l l s a t the end of the growing season. 
4. The seasonal v a r i a t i o n of the spectrum of amino a c i d s i n 
the western E n g l i s h channel. 
The data presented here may o f f e r a p o s s i b l e e x p l a n a t i o n f o r 
the s u c c e s s i o n of dominant phytoplankton s p e c i e s throughout 
the season. T h i s has been d i s c u s s e d by Braven e t a l . 
(1984) who say "The marine ecosystem i s s u b j e c t to gradual 
changes throughout the y e a r so t h a t a s u c c e s s i o n of 
phytoplankton s p e c i e s f l o u r i s h as t h e s e changing c o n d i t i o n s 
produce optimum growth c o n d i t i o n s f o r p a r t i c u l a r s p e c i e s . 
With regard to e s s e n t i a l n u t r i e n t s such as n i t r o g e n the 
nature of the n i t r o g e n w i l l be one f a c t o r i n the optimum 
growth c o n d i t i o n s as some phytoplankton s p e c i e s 
p r e f e r e n t i a l l y u t i l i s e s p e c i f i c forms such as ammonium, urea 
and amino a c i d s . " 
Consequently amino a c i d n i t r o g e n can no longer be ignored i n 
p r o d u c t i v i t y s t u d i e s i n the sea. 
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5. The patchy d i s t r i b u t i o n of amino n i t r o g e n i n the sea. 
The r e s u l t s of t h i s work i n d i c a t e the very patchy 
d i s t r i b u t i o n of amino a c i d s i n the sea and the v a r i a b i l i t y 
of the r e l a t i v e composition. T h i s p a t c h i n e s s i s t y p i c a l of 
n u t r i e n t s i n the upper l a y e r s of the sea during p e r i o d s of 
high b i o l o g i c a l a c t i v i t y . ( T a b l e s 3.5, 3.6 & 3.7). 
The patchy d i s t r i b u t i o n of amino a c i d n i t r o g e n i n the water 
column suggests t h a t t h e r e i s a r a p i d f l u x of t h e s e 
compounds s i n c e i f the r a t e of t u r n o v e r were slower then i t 
would be reasonable to expect a more uniform d i s t r i b u t i o n 
caused by p h y s i c a l mixing p r o c e s s e s . 
The data i n Table 3.7 c l e a r l y showed t h a t b i o l o g i c a l 
i n f l u e n c e s i n a d d i t i o n to the phytoplankton such as, f o r 
example, the zooplankton, b a c t e r i a and y e a s t s which are 
p r e s e n t throughout the whole water column were a l s o i n v o l v e d 
i n the occurrence and d i s t r i b u t i o n of d i s s o l v e d o r g a n i c 
n i t r o g e n compounds i n the waters of the western E n g l i s h 
channel. 
6. The seasonal template of amino a c i d l e v e l s . 
F i g u r e 3.8 shows a r e p e a t i n g p a t t e r n of amino n i t r o g e n 
l e v e l s month by month from year t o year and t h i s i s 
r e f l e c t e d i n the c o n t r i b u t i o n amino n i t r o g e n makes to the 
t o t a l d i s s o l v e d n i t r o g e n i n the sea. I t would appear from 
t h i s data t h a t t h i s a p p a r e n t l y p r e d i c t a b l e s e a s o n a l 
v a r i a b i l i t y of amino a c i d s may p o s s i b l y be regarded as 
evidence f o r c o n t r o l of the environment by the b i o t a . 
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7, The evidence of amino a c i d n i t r o g e n u t i l i s a t i o n by the 
phytoplankton. 
These r e s u l t s are of c o n s i d e r a b l e importance i n p r o d u c t i v i t y 
s t u d i e s i f t h i s amino n i t r o g e n can be d i r e c t l y u t i l i s e d by 
phytoplankton. Evidence t h a t phytoplankton as w e l l as marine 
b a c t e r i a can use amino a c i d s f o r t h e i r n i t r o g e n requirements 
has been summed up by B r i n g (1982) who w r i t e s "Recent 
s t u d i e s have shown amino a c i d s to support the growth of most 
marine algae t e s t e d . The marine algae used i n t h e s e 
experiments included r e p r e s e n t a t i v e s from a l l the a l g a l 
d i v i s i o n s except the Phaeophyta". 
The r e s u l t s of work undertaken i n t h i s l a b o r a t o r y ( P a r r y 
H.G.M. & Braven J . 1984; unpublished) i n d i c a t e t h a t mixed 
n a t u r a l populations of phytoplankton, under l a b o r a t o r y 
c o n d i t i o n s , can produce as w e l l as u t i l i s e amino a c i d 
n i t r o g e n . The r a t e of u t i l i s a t i o n can be up to 0.8x10-5 
moles 1-1 h r - i even i n the w i n t e r months. 
At th e s e r a t e s the t o t a l amino a c i d n i t r o g e n would be turned 
over w i t h i n a p e r i o d of 3-4 hours. I f t h e r e i s such a r a p i d 
f l u x i n the environment then the l e v e l s may w e l l be 
s u f f i c i e n t to support phytoplankton populations when the 
bulk of d i s s o l v e d i n o r g a n i c n i t r o g e n has been exhausted. 
8. Amino a c i d s i n the Tamar e s t u a r y . 
With the development of the new method f o r the a n a l y s i s of 
amino a c i d s i n sea water s u i t a b l e , f o r ship-board use and the 
evidence obtained of s i g n i f i c a n t l y g r e a t e r c o n c e n t r a t i o n s 
during the seasonal survey of E n g l i s h channel waters than 
had p r e v i o u s l y been reported i t was f e l t t h a t a s i m i l a r 
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seasonal survey of the Tamar e s t u a r y would giv e an 
i n d i c a t i o n of the l e v e l s p r e s e n t i n more p r o d u c t i v e waters 
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Chapter 4. 
DISSOLVED AMINO ACIDS IN THE TAMAR ESTUARY. 
I n t r o d u c t i o n . 
The previous chapter e s t a b l i s h e d t h a t the l e v e l s of 
d i s s o l v e d f r e e amino a c i d s , i n the western E n g l i s h channel, 
form a s i g n i f i c a n t and t h e r e f o r e important p a r t of the t o t a l 
d i s s o l v e d n i t r o g e n . I f phytoplankton c e l l s a re a b l e to 
u t i l i s e amino a c i d s as a source of n i t r o g e n then t h e i r r o l e 
i n primary p r o d u c t i v i t y s t u d i e s might be more s i g n i f i c a n t 
and a f u r t h e r i n v e s t i g a t i o n p a r t i c u l a r l y i n are a s of g r e a t e r 
b i o l o g i c a l a c t i v i t y seems i n d i c a t e d . E s t u a r i e s a r e knowrvto 
be very p r o d u c t i v e a r e a s (Ketchum 1967). The Tamar e s t u a r y 
was chosen because i t l i e s c l o s e t o t h i s l a b o r a t o r y and i t s 
chemistry and biology have been s t u d i e d by the I n s t i t u t e of 
Marine Environmental Research and the Marine B i o l o g i c a l 
A s s o c i a t i o n f o r many y e a r s . 
R e l i a b l e p u b l i s h e d data f o r the l e v e l s of amino a c i d s i n 
e s t u a r i e s i s scanty and i t was decided, t h e r e f o r e , t o measure 
t h e i r s e a s o n a l v a r i a t i o n i n the Tamar e s t u a r y u s i n g the 
newly developed HPLC method f o r the amino a c i d a n a l y s i s of 
sea water, s i n c e i t had a l r e a d y been e s t a b l i s h e d t h a t t h i s 
method y i e l d e d r e l i a b l e data i n e s t u a r i n e waters ( see 
chapter 2 ) . I n a d d i t i o n , i t was thought t h a t some evidence 
may a l s o be acquired i n the course of t h i s p a r t of the work 
which might throw l i g h t on the i n i t i a l purpose of these 
s t u d i e s namely the i n t e r a c t i o n of amino a c i d s with 
p a r t i c u l a t e m a t e r i a l s i n the waters of the Tamar e s t u a r y . 
F a i r b r i d g e (1980) d e f i n e s an e s t u a r y as an i n l e t of the sea 
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r e a c h i n g i n t o a r i v e r v a l l e y as f a r as the upper l i m i t of 
t i d a l r i s e . I t i s u s u a l l y d i v i s i b l e i n t o t h r e e main p a r t s : 
1. A marine or lower e s t u a r y i n d i r e c t connection with the 
sea. 
2. A middle e s t u a r y where l a r g e s c a l e f r e s h and s e a water 
mixing occurs. 
3. An upper or f l u v i a l p a r t which i s c h a r a c t e r i s e d by 
freshwater but i s s u b j e c t to t i d a l a c t i o n . 
The Tamar e s t u a r y was d e s c r i b e d e a r l i e r ( s e e c h a p t e r 1 ) . 
I t i s e s s e n t i a l i n the context of t h i s . w o r k to d e f i n e the 
main d i f f e r e n c e s between the e s t u a r y and the sea. The main 
d i f f e r e n c e s which a r e d i s c u s s e d here a r e : 
1. The i o n i c g r a d i e n t . 
2. The temperature g r a d i e n t . 
3. the pH g r a d i e n t . 
4. The t u r b i d i t y of the water. 
5. A s e l e c t i o n of d i s s o l v e d c o n s t i t u e n t s a r i s i n g as a r e s u l t 
of l o c a l mining a c t i v i t i e s . 
6. D i s s o l v e d n i t r o g e n compounds. 
Fi g u r e 4.1 shows the v a r i a t i o n of s a l i n i t y , t u r b i d i t y , pH 
and temperature along the l e n g t h of the Tamar based on data 
from Morris e t a l . (1982). 
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F i g u r e 4.1 
The v a r i a t i o n of s a l i n i t y , t u r b i d i t y . PH and 
temperature i n the Tamar E s t u a r y , 







s a l i n i t y 
t u r b i d l t / 
R i v e r E s t u a r y Sea 
1. S ^ l ^ n i t y , 
S a l i n i t y p r o f i l e s along the length of the Tamar e s t u a r y 
normally vary i n a smooth manner from 0 i n the f l u v i a l 
r egion to 34 i n the lower e s t u a r y . A s a l t wedge i s pr e s e n t 
which i s formed by more dense s a l i n e water p e n e t r a t i n g 
beneath the f r e s h water flow g i v i n g a sharp h a l o c l i n e i n 
c e r t a i n regions of the e s t u a r y ( F i g u r e 4.1) 
In c o n t r a s t the s a l i n i t y of the western E n g l i s h channel i s 
r e l a t i v e l y s t a b l e and g e n e r a l l y has a v a l u e of about 35. 
2, Teynpeyature, 
The temperature of the waters of the Tamar e s t u a r y i s 
predominantly c o n t r o l l e d by the mixing between f r e s h and 
s a l i n e waters. Temperatures i n e x c e s s of 20 deg.C. occur i n 
summer and temperatures as low as 3-5 deg.C. i n the wi n t e r 
months 
A temperature g r a d i e n t i s normally p r e s e n t along the l e n g t h 
of the estuary. In the summ'er the h i g h e s t temperatures are 
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u s u a l l y found i n the upper e s t u a r y but i n the w i n t e r the 
h i g h e s t temperatures a r e normally found i n the lower 
e s t u a r y . T h i s d i f f e r e n c e i s caused by the speed w i t h which 
the land temperatures v a r y compared w i t h t h a t of sea water. 
Also l o c a l i s e d i n f l u e n c e s can be observed such as a r e a s of 
exposed mud heated by the sun a t low t i d e which cause an 
i n c r e a s e i n the temperature of the water as the incoming 
t i d e flows over them. Although the s e a s o n a l v a r i a t i o n i n the 
temperature of c o a s t a l waters g e n e r a l l y f a l l s w i t h i n a 
s i m i l a r range to t h a t found i n the e s t u a r y , the r a t e a t 
which any change occurs i s very much l e s s . 
3. PH. 
The p H - s a l i n i t y r e l a t i o n s h i p s are h i g h l y v a r i a b l e i n the 
Tamar E s t u a r y . At the marine end pH v a l u e s normally f a l l i n 
the range 8.0-8.2 whereas a t the f r e s h w a t e r end they a r e 
u s u a l l y lower (6.7-7.5) (Morris e t a l . 1982). However, 
i n g e n e r a l a p a t t e r n of i n c r e a s i n g pH with s a l i n i t y can be 
observed 
The pH of sea water, however i s r e l a t i v e l y c o n s t a n t and 
normally has a v a l u e of about 8.0-8.5 i n the w e s t e r n E n g l i s h 
channel. 
4. T u r b i d i t y . 
The t u r b i d i t y of e s t u a r i n e waters i s caused by the presence 
of p a r t i c u l a t e m a t e r i a l i n suspension. Suspended s o l i d s can 
a r i s e as a r e s u l t of the r e s u s p e n s i o n of the sediment by 
water movements near the r i v e r bed as w e l l as e r o s i o n of the 
r i v e r banks and weathering of the rocks over which the r i v e r 
flows. Other p a r t i c u l a t e m a t e r i a l i s of b i o l o g i c a l o r i g i n . 
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T h i s m a t e r i a l can i n c l u d e both l i v i n g and dead o r g a n i c 
d e t r i t u s d e r i v e d from macro- and m i c r o b i o l o g i c a l a c t i v i t y 
w i t h i n the e s t u a r i n e system. 
In the Tamar E s t u a r y a t u r b i d i t y maximum (1000 ppm or more) 
occurs i n the upper e s t u a r y ( s a l i n i t y about 1-5). The 
t u r b i d i t y normally decreases r a p i d l y downstream to around 
40-50 ppm w i t h i n the s a l i n i t y range 5-10 and then more 
g r a d u a l l y towards the marine end t o about 1-3 ppm (Morris 
et a l . 1982; Ackroyd 1983). 
The d e n s i t y of suspended m a t e r i a l can r e s t r i c t the depth to 
which l i g h t i s a b l e to p e n e t r a t e and t h e r e f o r e determines 
the depth of the euphotic zone. 
E s t u a r i n e waters can be as much as t h r e e orders of magnitude 
more t u r b i d than s e a water. The depth of a S e c c h i d i s c i n 
the e s t u a r y can be as l i t t l e as 2 cm whereas i n the western 
E n g l i s h channel i t can be 20 metres or more and an order of 
magnitude even deeper i n the c l e a r waters of A t l a n t i c ocean. 
Consequently the depth at which green p l a n t s are a b l e t o 
photos y n t h e s i s e i n the open oceans i s f a r i n e x c e s s of t h a t 
at the t u r b i d i t y maximum i n the e s t u a r y . 
5. Di^ssolved constl,tu^nts ai : i , s j L n f i fyom mining. 
As a r e s u l t of l o c a l mining a c t i v i t i e s the waters of the 
Tamar a r e r e l a t i v e l y r i c h i n some d i s s o l v e d and p a r t i c u l a t e 
metals. 
F i g u r e 4.2 shows how d i s s o l v e d i r o n i s q u i c k l y removed from 
e s t u a r y water as the s a l i n i t y i n c r e a s e s to about 5. Very 
often a peak can be observed which i s a t t r i b u t e d to the 
r e d i s s o l u t i o n of i r o n a s s o c i a t e d w i t h the i n c r e a s e d 
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p a r t i c u l a t e load of the t u r b i d i t y maximum. Also a f u r t h e r 
peak can o f t e n be seen a t a s a l i n i t y of about 30 and 
corresponds with an a r e a of anthropogenic input i n t o the 
e s t u a r y (Marsh 1983). 
Manganese on the other hand ( F i g u r e 4.2) can show an 
i n c r e a s e i n the d i s s o l v e d phase a t a s a l i n i t y between 5 and 
15 and a r s e n i c ( F i g u r e 4.2) appears to have a complex 
chemical r e a c t i v i t y i n the R i v e r Tamar (Marsh 1983). 
6. D i s s o l v e d n i t r o g e n compounds 
B u t l e r & T i b b i t t s (1972) reported the s e a s o n a l v a r i a t i o n of 
d i s s o l v e d n i t r o g e n compounds i n the Tamar e s t u a r y (see 
Chapter 1 ) . Most of i t c o n s i s t s of the i n o r g a n i c forms 
n i t r a t e and n i t r i t e which c o n t r a s t s w i t h the forms i n the 
western E n g l i s h channel where i n the w i n t e r o r g a n i c n i t r o g e n 
makes up about h a l f of the t o t a l and i n the euphotic zone 
almost the whole of i t a f t e r phytoplankton have s t r i p p e d the 
i n o r g a n i c forms from the water. Heavy r a i n f a l l causes 
n i t r a t e and n i t r i t e washed from the land to i n c r e a s e s t e e p l y 
i n the e s t u a r y so t h a t i t can be 20 times higher than i n the 
sea. The o r g a n i c n i t r o g e n on the other hand shows 
s u r p r i s i n g l y l i t t l e v a r i a t i o n i n s p i t e of the much l a r g e r 
plankton populations i n the e s t u a r y . 
D i f f e r e n c e s between the e s t u a r y and the sea 
The most important d i f f e r e n c e s between the e s t u a r y and the 
sea i n the context of t h i s study a r e summarised i n t a b l e 
4.1. 
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F i g u r e 4.2 
D i s s o l v e d metal surveys of the Tamar 
Data from Marsh (1983) 
0.13^ 














S 10 IS 20 
River Tanar • d isso lved c e t a l survey (14 /4 /83) 
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Table 4.1 
S i g n i f i c a n t d i f f e r e n c e s between the e s t u a r v 
and the sea. 
Sea 
r e l a t i v e l y 
c o n s t a n t 
r e l a t i v e l y 
c o n s t a n t 
r e l a t i v e l y 
c o n s t a n t 
r e l a t i v e l y 
low 
r e l a t i v e l y 
low 
D i s s o l v e d nitrogen v e r y patchy 
compounds 
S a l i n i t y 
Temperature 
PH 
T u r b i d i t y 
D i s s o l v e d metals 
Egtuary 
g r a d i e n t 
p r e s e n t 
g r a d i e n t 
p r e s e n t 
g r a d i e n t 
p r e s e n t 
high and 
v a r i a b l e 
high and 
v a r i a b l e 
very patchy 
These f e a t u r e s s e r v e t o show the complexity of the chemistry 
of the e s t u a r i n e waters where a wide v a r i e t y of s u r f a c e s 
provide s i t e s where chemical and ph y s i c o - c h e m i c a l r e a c t i o n s 
can occur. Although such s i t e s occur i n the sea they a r e not 
found with such abundance. 
At the f r e s h water-sea water i n t e r p h a s e ( F S I ) many 
s i g n i f i c a n t chemical and p h y s i c a l changes can occur and i t 
would perhaps be i n such a region of the e s t u a r y t h a t major 
d i f f e r e n c e s of amino a c i d composition could be expected. 
These low s a l i n i t y waters a r e c h a r a c t e r i s e d i n the Tamar 
e s t u a r y by a t u r b i d i t y maximum where the a v a i l a b i l i t y of 
s u r f a c e s i t e s f o r chemical r e a c t i o n s with d i s s o l v e d 
c o n s i t u e n t s i s g r e a t e s t . S i m i l a r l y i t i s i n t h e s e a r e a s of 
the e s t u a r y t h a t the b i o t a e x p e r i e n c e some of the most 
se v e r e i o n i c changes and t h e r e f o r e consequent osmotic 
s t r e s s e s (Morris e t a l . 1978) and these e f f e c t s would 
be expected to be r e f l e c t e d i n the composition of amino 
a c i d s i n the water. S i m i l a r l y a d i f f e r e n c e of amino a c i d 
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composition might a l s o be expected i n euphotic s u r f a c e 
waters compared with waters where no p h o t o s y n t h e s i s can 
occur s i n c e b i o l o g i c a l p opulations would be d i f f e r e n t 
between the two environments. 
Amino a c i d measurements made i n the Tamar E s t u a r y 
during the present work. 
Water samples from the Tamar e s t u a r y were c o l l e c t e d from the 
top 0.5 metres along a s a l i n i t y g r a d i e n t from 0 t o 35 (see 
chapter 2 ) . Samples were normally taken with a p l a s t i c 
bucket p r e r i n s e d s e v e r a l times i n water a t the sample s i t e . 
An a l i q u o t was f i l t e r e d (Whatman GF/F 0.7 pm) and s t o r e d i n 
p l a s t i c v i a l s i n i c e u n t i l a n a l y s e d i n the l a b o r a t o r y . The 
an a l y s e s were u s u a l l y completed w i t h i n 20 hours of sample 
c o l l e c t i o n . 
The s t a b i l i t y of the samples was monitored, i n e a r l y 
experiments, by redetermining a l i q u o t s of samples p r e v i o u s l y 
analysed. I t was found t h a t the amino a c i d composition of 
e s t u a r i n e waters was f r e q u e n t l y but not always s t a b l e f o r a 
pe r i o d of up t o 24 hours f o l l o w i n g c o l l e c t i o n provided they 
had been f i l t e r e d on s i t e to remove p a r t i c u l a t e matter and 
st o r e d a t 0 deg.C. U n f i l t e r e d samples were o f t e n found to be 
very u n s t a b l e i n amino a c i d composition (see c h a p t e r 2 ) . I t 
was found t h a t the s t a b i l i t y of samples v a r i e d from survey to 
survey. Sample s t a b i l i t y was t h e r e f o r e t e s t e d by the 
r e e s t i m a t i o n of the f i r s t f o u r peaks i n the chromatogram. 
T h i s was done to conserve time and y e t e f f e c t i v e l y monitor 
the s t a b i l i t y of the samples. When any compositional or 
q u a n t i t a t i v e change occurred the remaining unanalysed samples 
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were d i s c a r d e d . 
About 200 i n d i v i d u a l measurements made i n the Tamar e s t u a r y 
are l i s t e d i n appendix B and a r e summarised i n Table 4.2. 
Table 4.3 g i v e s the t o t a l amino n i t r o g e n f o r each 
measurement on a monthly b a s i s . 
Table 4.4 shows the average monthly percentage composition 
of the amino a c i d s i n the Tamar e s t u a r y . 
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T a b l e 4.2 
03 
CD 
Tamar^Ltn^"^^^"^"'^ ''^^^^ ^""^^ n i t r o g e n i n t.h» 
Month Mean Mean No. Val u e V a l u e Sampl 10-6 molar \i e. a t s . 
N 1-1 J a n 1 . 4 1.8 11 Feb 4 . 4 5.5 34 Mar 2 . 7 3.2 13 Apr 2 . 1 2.5 22 May 3 .2 4.1 11 Jun 2 . 2 2.6 39 J u l 2 , 4 2.6 10 Aug 4 5 5.4 15 Sep 4 .5 5.5 14 Oct 6 8 8.8 10 Nov 4 9 6.1 10 Dec 3 5 4.4 9 
A l l 3. 4 4.2 198 




2.18 8 1% 
1.21 58% 









T a b l e 4.3 
Tamar e s t u a r v t o t a l amino n i t r o g e n ( a l l s a l i n i t i e s ) 
u n i t s : 1 0 - 6 m o l e s l - i 
J a n Feb Mar Apr Hay Jun J u l 
0.62 2.61 2.61 2.40 2.84 1.69 1.60 
6.64 8.24 0.83 1.13 4.39 0.74 1.36 
2.01 3.04 0.21 4.78 1.26 2.00 4.03 
1.81 8.22 2.79 2.05 1.80 1.34 1.86 
0.63 8.16 1.88 1.24 2.96 1.22 0.79 
2.72 1.43 3.42 1.08 4.09 1.18 2.46 
0.68 1.94 3.74 0.75 2.06 2.00 4.74 
0.59 6.76 3.01 1.84 4.07 0.90 5.34 
3.15 1.74 3.33 5.68 3.67 2.90 0.95 
1.38 1.54 1.62 2.28 3.74 0.98 0.90 
0.44 1.74 3.06 2.37 3.86 1.60 
2.97 8.78 1.05 1.29 
6.52 1.31 2.69 1,70 
3.51 1.31 2.10 
3.02 1.96 2.24 
1.90 1.56 1.56 
Aug Sep Oct Nov Dec 
2 70 2 98 12 35 2 84 3 29 
3 86 3 68 7 40 5 75 3 55 
2 34 7 96 14 35 9 98 I 05 
1 40 3 49 3 U 7 08 6 86 
2 98 4 26 4 45 2 42 3 67 
6 97 5 41 12 85 6 •30 5 58 
3 79 3 18 2 20 3 63 1 83 
3 81 8 15 5 55 6 05 3 73 
1 22 3 39 2 50 0 93 I 88 
6 48 4 47 3 31 3 63 
3 99 4 00 
7 84 6 50 
5 16 2. 42 
8 58 3 48 
5 71 
c j 2.60 1.85 3.17 
<0 10.60 0.83 2.59 
2.24 3.04 4.06 
8.49 1.59 1.67 
3.48 2.84 1.94 



















T a b l e 4.4 
Average monthly p e r c e n t a g e c o m p o s i t i o n of amino a c i d s 
i n t h e Tf^Pif^r QstM^ry. 
J a n Feb Mar Apr May Jun J u l Aug Sep Oct Nov Dec Ave 
Asp 8 8 10 6 7 6 8 8 8 6 7 6 7 
G l u 4 3 3 2 3 4 3 3 4 2 3 2 3 
Asn 0 2 2 1 2 1 1 2 2 1 1 0 1 
S e r 17 13 17 15 18 11 20 28 15 17 18 15 16 
H i s 3 5 3 2 2 3 2 4 6 6 5 3 4 
G l y 18 13 13 12 16 10 16 16 14 14 16 16 14 
Thr 2 6 4 3 4 4 3 5 6 4 5 4 4 
Arg 2 0 0 0 0 1 1 1 1 1 0 2 1 
A l a 7 8 11 7 8 7 8 8 8 7 7 6 8 
T y r 3 7 2 19 2 29 7 2 9 10 1 15 12 
Abu 2 2 2 3 3 2 3 0 3 2 3 2 2 
Gab 1 0 0 0 0 0 0 0 0 0 0 0 0 
V a l 3 6 5 3 4 4 4 3 6 4 4 4 4 
Met 0 0 0 0 0 0 0 0 0 0 0 0 0 
T r y 3 0 0 0 0 2 0 0 0 0 0 0 1 
Phe 2 5 5 2 3 3 3 3 3 2 5 3 3 
H e 2 3 3 7 1 3 0 2 4 4 3 2 3 
Leu 2 6 9 4 3 2 4 4 4 7 6 5 5 
Orn 18 10 9 10 14 8 13 8 4 10 12 10 10 
Lys 3 2 0 2 10 1 2 1 1 1 3 3 2 
D i s c u s s i o n of t h e r e s u l t s o f amino a c i d measurements 
i n t h e Tamar e s t u a r y . 
1. The s e a s o n a l v a r i a t i o n of amino n i t r o g e n i n t h e 
Tamar e s t u a r y . 
The s e a s o n a l v a r i a t i o n of t o t a l amino n i t r o g e n i n t h e 
e s t u a r y i s shown i n T a b l e 4.2 and F i g u r e 4.3. The l e v e l s , 
however, were g e n e r a l l y r a t h e r h i g h e r t h a n t h o s e found i n 
t h e w e s t e r n E n g l i s h c h a n n e l and were i n good agreement w i t h 
t h e v a l u e s r e p o r t e d by J o r g e n s e n e t a l . ( 1 9 8 0 ) , who 
u s e d an HPLC a n a l y t i c a l t e c h n i q u e , i n t h e w a t e r s of K y s i n g 
F j o r d where t h e s a l i n i t y r a n g e s from 1 t o 25. 
2. The d i s t r i b u t i o n of amino n i t r o g e n i n t h e 
Tamar e s t u a r y . 
The d i s t r i b u t i o n o f d i s s o l v e d f r e e amino a c i d s i n s u r f a c e 
w a t e r s a l o n g t h e a x i s o f t h e Tamar e s t u a r y was t y p i c a l l y 
v e r y v a r i a b l e and p a t c h y ( F i g u r e 4 . 4 ) . T o t a l d i s s o l v e d 
n i t r o g e n d a t a was not a v a i l a b l e on t h e s a m p l e s t a k e n from 
t h e Tamar e s t u a r y and c o n s e q u e n t l y i t was o n l y p o s s i b l e t o 
s p e c u l a t e on t h e f r a c t i o n t h a t amino a c i d s c o n t r i b u t e d t o 
t h e whole. I t was c o n s i d e r e d t h a t t h i s was l i k e l y t o be v e r y 
s i g n i f i c a n t . 
The v e r t i c a l d i s t r i b u t i o n ( F i g u r e 4.5) and t h e l e v e l s 
measured i n s u r f a c e w a t e r t r a n s e c t s ( F i g u r e 4.6) showed a 
c o n s t a n t l y v a r y i n g p a t t e r n s i m i l a r t o t h e a x i a l s u r f a c e 
w a t e r s u r v e y s . 
T h i s d a t a a x i a l does n o t g i v e any s u p p o r t f o r t h e i d e a t h a t 
c o p r e c i p i t a t i o n of amino a c i d s w i t h i r o n was a n a t u r a l pf'ftc-es^ 
141 
F i g u r e 4.3 
The s e a s o n a l v a r i a t i o n of d i s s o l v e d f r e e amino 
n i t r o g e n j n t h e Tamar e s t u a y y . 
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Month 
i ' i ' 1:1' 
3 19 1: 
F i g u r e 4.4 
A t y p i c a j . example of an a x j - a l suirvey o f t h e 








s a l i n i t y 
R i v e r E s t u a r y S e a 
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F i g u r e 4.5 
TyPAC^l Q?^^mples of d e p t h p r o f i l e s o f 
t h e Tamar e s t u a r y 
|8-
124 
1 X \0'* m o l e s a o i n o n i t r o g e n 
F i g u r e 4.6 
T y p i c a l e x a m p l e s o f s u r f a c e w a t e r t r a n s e c t s 
of t h e Tamar e s t u a r y 
WEST MID EAST WEST 
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MID EAST 
3. S o u r c e s o f a m i n o - n i t r o g e n i n t h e Tamar e s t u a r v . 
A number of d i f f e r e n t s o u r c e s would be e x p e c t e d t o 
c o n t r i b u t e t o t h e amino a c i d p o o l i n Tamar e s t u a r y w a t e r s . 
Some of t h e more i m p o r t a n t ones a r e d i s c u s s e d below. 
A. Amino a c i d i n p u t s from r i v e r w a t e r and from 
s e a w a t e r . 
S e a w a t e r and r i v e r w a t e r a r e p o s s i b l e s o u r c e s o f 
a m i n o - n i t r o g e n i n t h e e s t u a r y . I t i s known t h a t s e a w a t e r 
c o n t a i n s d i s s o l v e d amino a c i d s ( s e e C h a p t e r 3) and s a m p l e s 
t a k e n a t G r e y s t o n e B r i d g e , w h i c h i s w e l l above t h e w e i r and 
beyond any t i d a l i n f l u e n c e , showed t h a t f r e s h w a t e r f l o w i n g 
i n t o t h e e s t u a r y a l s o c o n t a i n e d amino a c i d s . 
T y p i c a l l y , a x i a l s u r v e y s of s u r f a c e w a t e r s w i t h s a l i n i t i e s 
r a n g i n g from 0 t o 34 n e i t h e r showed t h e p r e s e n c e o f a 
c o n s p i c u o u s amino n i t r o g e n g r a d i e n t ( F i g . 4.4) n o r gave any 
i n d i c a t i o n of t h e amount o f m a r i n e o r r i v e r i n e amino 
n i t r o g e n c o n t r i b u t i o n t o t h e e s t u a r y . 
B. Amino a c i d i n p u t s from t h e s e d i m e n t s and from 
t h e Aj-r. 
F i g u r e 4.5 shows t h e v e r t i c a l d i s t r i b u t i o n of a m i n o - n i t r o g e n 
i n a h i g h s a l i n i t y r e g i o n o f t h e Tamar e s t u a r y . I t was 
e x p e c t e d t h a t v e r t i c a l c o n c e n t r a t i o n g r a d i e n t s would be 
p r e s e n t i n d e p t h p r o f i l e s i f e i t h e r t h e s e d i m e n t o r t h e 
atmosphere p r o v i d e d s i g n i f i c a n t i n p u t s of amino n i t r o g e n . 
The o b s e r v e d d i s t r i b u t i o n was n o t c o n s i s t e n t w i t h e n r i c h m e n t 
of t h e w a t e r column from e i t h e r of t h e s e s o u r c e s . 
L a t e r work by M. R i g h t o n & J . B r a v e n ( u n p u b l i s h e d ) i n t h i s 
l a b o r a t o r y i n d i c a t e d t h a t t h e l e v e l s of amino a c i d s i n t h e 
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i n t e r s t i t i a l w a t e r s of t h e s e d i m e n t s was about an o r d e r of 
magnitude g r e a t e r t h a n t h a t found i n t h e w a t e r s above them 
and e n r i c h m e n t of t h e w a t e r column would o c c u r u n d e r 
s i m u l a t e d s t o r m c o n d i t i o n s when t h e s u r f a c e s e d i m e n t l a y e r 
was d i s t u r b e d . T h i s was i n good agreement w i t h J o r g e n s e n 
e t a l . ( 1 9 8 0 ) who found s i m i l a r : amounts o f amino 
a c i d s i n t h e s e d i m e n t s of K y s i n g F j o r d . D i f f u s i o n 
e x p e r i m e n t s , u s i n g i ^ c - g l y c i n e , and t h e s i g n i f i c a n t l y 
h i g h l e v e l s of o r n i t h i n e i n t h e w a t e r s l e d t h e s e a u t h o r s t o 
b e l i e v e t h a t t h e r e was a c o n s t a n t d i f f u s i o n o f amino a c i d s 
from t h e s e d i m e n t i n t o t h e w a t e r . 
G. Amino a c i d i n p u t s from d o m e s t i c sewage 
ur b a n and r u r a l l a n d r u n o f f . 
D o m e s t i c sewage was known t o c o n t a i n c o n s i d e r a b l e q u a n t i t i e s 
of a m i n o - n i t r o g e n . 
The d a t a d e r i v e d from t r a n s e c t s u r v e y s i n t h e l o w e r e s t u a r y , , 
n e a r Devonport d o c k y a r d , i n d i c a t e d t h a t d o m e s t i c sewage 
d i s c h a r g e s were, i n g e n e r a l , a s s o c i a t e d w i t h r a i s e d amino 
a c i d c o n c e n t r a t i o n s i n t h e w a t e r . 
The v a r i a b l e d i s t r i b u t i o n of amino n i t r o g e n a l o n g t h e l e n g t h 
of t h e Tamar e s t u a r y c o u l d be i n d i c a t i v e of a p a t c h y 
e s t u a r i n e e n r i c h m e n t a s a r e s u l t o f r u r a l l a n d r u n o f f a f t e r 
r a i n f a l l s u b s e q u e n t l y c o n t a m i n a t e d by a g r i c u l t u r a l p r o c e s s e s . 
D, Amino a c i d i n p u t s w i t h i n t h e w a t e r column. 
O 
A u t o c h t h a n o u s p r o d u c t i o n o f a m i n o - n i t r o g e n by t h e b i o t a 
w i t h i n e s t u a r i n e w a t e r s a p p e a r e d t o be one m a j o r s o u r c e 
s i n c e a more u n i f o r m and a much l e s s p a t c h y s p a t i a l 
d i s t r i b u t i o n would be e x p e c t e d i f m a j o r i n p u t s o f amino 
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a c i d s were a l l o c h t h D n o u s . 
E v i d e n c e f o r i n s i t u p r o d u c t i o n was o b t a i n e d from t h e 
d a t a c o l l e c t e d from low s a l i n i t y w a t e r s of t h e e s t u a r y 
F i g u r e 4.7 
The d i s t r i b u t i o n of a m i n o - n i t r o g e n i n 




Low s a l i n i t y r e g i o n s 
A r e p e a t i n g d i s t r i b u t i o n a l p a t t e r n of t o t a l a m i n o - n i t r o g e n 
was o f t e n s e e n i n low s a l i n i t y w a t e r s ( i . e . up t o a s a l i n i t y 
of a b o u t 10) ( F i g 4 . 7 ) , I t was t h o u g h t t h a t t h i s may be t h e 
r e s u l t of amino a c i d r e l e a s e from l i v i n g c e l l s u n d e r o s m o t i c 
s t r e s s a s t h e low s a l i n i t y w a t e r mixed w i t h s e a w a t e r a t t h e 
f r e s h w a t e r - s e a w a t e r i n t e r p h a s e . I t was d e c i d e d t o t e s t 
t h i s h y p o t h e s i s by m e a s u r i n g t h e d i s t r i b u t i o n o f 
a m i n o - n i t r o g e n i n a n o t h e r e s t u a r y . 
O t h e r E s t u a r i e s . 
An e x p e d i t i o n t o t h e R i v e r C a r n o n . n e a r F a l m o u t h . C o r n w a l l 
had been a r r a n g e d by o t h e r w o r k e r s f o r t h e a n a l y s i s of t h e 
w a t e r s f o r d i s s o l v e d m e t a l s . The o p p o r t u n i t y was t h e r e f o r e 
t a k e n o f s t u d y i n g th'=; e f f e c t s o f J i i ^ h concent.r.'i t. i on s o f 
m e t a l s i n ^inotht^r e n v i r o n m e n t i n o r d e r t o compare i t w i t h 
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F i g u r e 4.7 
e d i s t r i b u t i o n of a m i n o - n i t r o f i e n i n 
low s a l i n i t y r e g i o n s of t h e Tamar e s t u a r y . 
amino n i t . r o g e n 
20 
ho 
R i v e r 
s a l i n i t y 
E s t u a r y 
Low s a l i n i t y r e g i o n s 
A r e p e a t i n g d i s t r i b u t i o n a l p a t t e r n o f t o t a l a m i n o - n i t r o g e n 
was o f t e n s e e n i n low s a l i n i t y w a t e r s ( i . e . up t o a s a l i n i t y 
of about 10) ( F i g 4 . 7 ) . I t was t h o u g h t t h a t t h i s may be t h e 
r e s u l t of amino a c i d r e l e a s e from l i v i n g c e l l s u n d e r o s m o t i c 
s t r e s s a s - t h e low s a l i n i t y w a t e r mixed w i t h s e a w a t e r a t t h e 
f r e s h w a t e r - s e a w a t e r i n t e r p h a s e . I t was d e c i d e d t o t e s t 
t h i s h y p o t h e s i s by m e a s u r i n g t h e d i s t r i b u t i o n o f 
a m i n o - n i t r o g e n i n a n o t h e r e s t u a r y . 
O t h e r E s t u a r i e s . 
An e x p e d i t i o n t o t h e R i v e r C arnon, n e a r F a l m o u t h , C o r n w a l l 
had been a r r a n g e d by o t h e r w o r k e r s f o r t h e a n a l y s i s of t h e 
w a t e r s f o r d i s s o l v e d m e t a l s . The o p p o r t u n i t y was t h e r e f o r e 
t a k e n of s t u d y i n g t h e e f f e c t s o f h i g h c o n c e n t r a t i o n s of 
m e t a l s i n a n o t h e r e n v i r o n m e n t i n o r d e r t o compare i t w i t h 
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t h e e f f e c t s i n Tamar w a t e r s . The w a t e r s of t h e r i v e r Carnon 
were h i g h l y p o l l u t e d w i t h m e t a l s , p a r t i c u l a r l y i r o n , d e r i v e d 
f o r t h e most p a r t from o n - g o i n g m i n i n g a c t i v i t i e s . 
( F i g . 4 . 8 ) ( M a r s h 1 9 8 3 ) . 
M e t a l s have complex forms i n e s t u a r i n e w a t e r s and i t was 
r e c o g n i s e d t h a t t h e f o r m s i n t h e C a r n o n would n o t 
n e c e s s a r i l y be t h e same a s t h o s e found i n t h e Tamar. 
Samples f o r amino a c i d a n a l y s i s were c o l l e c t e d and a l i q u o t s 
a n a l y s e d i n t h e l a b o r a t o r y f o r amino a c i d s , d i s s o l v e d i r o n , 
manganese and a r s e n i c . 
F i g u r e 4.8 
The d i s t r i b u t i o n o f t o t a l a m i n o - n i t r o g e n 
Fe, Mn & As i n t h e R i v e r Carnon> C o r n w a l l . 
a a l l n l t , y 
30 
c 
2 o c 
0^ 
o 
Amino n i t r o g e n 
20 
10 
U n i t a : Ab p gm 1-1 ; Fe mg 1-1 ; Mn mg l - i 
Amino n i t r o g e n ^ moles l-> 
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( F i g . 4 . 8 ) ( M a r s h 1 9 8 3 ) . 
M e t a l s h a v e complex forms i n e s t u a r i n e w a t e r s and i t was 
r e c o g n i s e d t h a t t h e forms i n t h e C a r n o n would n o t 
n e c e s s a r i l y be t h e same as t h o s e found i n t h e Tamar 
Samples f o r amino a c i d a n a l y s i s were c o l l e c t e d and a l i q u o t s 
a n a l y s e d i n t h e l a b o r a t o r y f o r amino a c i d s , d i s s o l v e d i r o n , 
manganese and a r s e n i c . 
F i g u r e 4.8 
The d i s t r i b u t i o n of t o t a l a m i n o - n i t r o g e n 
F e . Mn & As i n t h e R i v e r C a r non. C o r n w a l l . 
s a l i n i t y 
c 
2 o ^ 
1 °-B 2 
NO 
o 




U n i t s : As u gn 1-1 ; Fe mg l - i ; Mn mg 1-1 
Amino n i t r o g e n u moles 1-1 
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F i g u r e 4.8 shows t h a t on t h e s e o c c a s i o n s a t w i n peak 
d i s t r i b u t i o n of t o t a l a m i n o - n i t r o g e n was found i n t h e low 
s a l i n i t y r e g i o n s and were s i m i l a r t o t h a t found i n t h e r i v e r 
Tamar. 
M o r r i s e t a l . ( 1 9 7 8 ) from s t u d i e s i n t h e Tamar e s t u a r y 
have s u g g e s t e d t h a t o s m o t i c s t r e s s e s were e x p e r i e n c e d by 
l i v i n g c e l l s i n t h e w a t e r , and were c h a r a c t e r i s e d by a s h a r p 
s e a s o n a l drop i n d i s s o l v e d oxygen c o n c e n t r a t i o n , a t a 
s a l i n i t y of between 0,1 and 1.0. T h e s e a u t h o r s p o s t u l a t e d 
t h a t an endogenous p o p u l a t i o n o f oxygen u t i l i s i n g b a c t e r i a 
were s u p p o r t e d by " . . . a c o n t i n u o u s p l a s m o l y t i c r e l e a s e of 
e a s i l y d e g r a d a b l e d i s s o l v e d o r g a n i c m a t e r i a l , , ". 
The F S I c a n be found anywhere a l o n g a 13 km s t r e t c h of t h e 
Tamar, d e p e n d i n g on t h e s t a t e o f t h e t i d e . The r a t e o f w a t e r 
f l o w i n t h e s e r e g i o n s i s l i k e l y t o s c a v e n g e any f r e e l i v i n g 
b a c t e r i - a , and t h o s e a s s o c i a t e d w i t h p a r t i c l e s on t h e 
s e d i m e n t s u r f a c e , q u i c k l y i n t o mid e s t u a r i n e r e g i o n s . 
I t was f e l t t h a t , a l t h o u g h o s m o t i c s t r e s s e s on l i v i n g and 
dead c e l l s i n low s a l i n i t y w a t e r s was l i k e l y t o o c c u r , 
f u r t h e r work on a s e a s o n a l b a s i s was n e c e s s a r y s i n c e t h e two 
peak S t r u c t u r e a t t r i b u t e d t o t h e s e e f f e c t s was n o t o b s e r v e d 
on e v e r y o c c a s i o n . When t h i s f e a t u r e was r e c o r d e d i n low 
s a l i n i t y r e g i o n s i t was n o r m a l l y s e e n a t a s a l i n i t y between 
5-10 ( F i g . 4 . 7 ) . 
E . The amji,no a c i d s p e c t r u m j n low sa3,ji,ni,ty w a t e r s . 
T a k i n g a c c o u n t of t h e v a r i e t y o f amino a c i d s o u r c e s 
p r e v i o u s l y r e f e r r e d t o above i t was p r e d i c t e d t h a t a 
v a r i a b l e c o m p o s i t i o n o f a m i n o - n i t r o g e n would be found i n 
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d i f f e r e n t p a r t s of t h e e s t u a r y . I t was t h o u g h t t h a t t h e 
v a r i e t y of i n p u t s might s u c c e s s i v e l y have had a p r e d o m i n a n t 
i n f l u e n c e on amino a c i d c o n c e n t r a t i o n s i n t h e w a t e r and t h u s 
d i f f e r e n c e s i n t h e r e l a t i v e amino a c i d c o m p o s i t i o n might 
r e a s o n a b l y be e x p e c t e d . 
The a v e r a g e amino a c i d s p e c t r u m , however, was g e n e r a l l y 
f a i r l y s i m i l a r i n t h e d i f f e r e n t r e g i o n s of t h e e s t u a r y and 
t h e r e f o r e d i d n o t show t h e v a r i a b i l i t y e x p e c t e d ( F i g . 4 . 9 ) . 
However some s i g n i f i c a n t d i f f e r e n c e s between i n d i v i d u a l 
s a m p l e s was o b s e r v e d and how t h e s e d i f f e r e n c e s were i r o n e d 
o u t i n a v e r a g i n g r e s u l t s i s n o t u n d e r s t o o d . 
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F i g u r e 4.9 
A t y p i c a l example of t h e amino a c i d s p e c t r u m 






E s t u a r y S e a 
The i n s i t u b i o l o g i c a l a m i n o - n i t r o g e n p r o d u c t i o n , a s 
a l r e a d y s t a t e d , a p p e a r s t o be a m a j o r s o u r c e i n e s t u a r i n e 
w a t e r s . T h i s v i e w was s u p p o r t e d by J o r g e n s e n e t a l . 
( 1 9 8 0 ) who found a n e g a t i v e c o r r e l a t i o n between 
c h l o r o p h y l l - a and p r i m a r y amines and r e p o r t e d t h a t p e l a g i c 
a l g a e r e l e a s e p r i m a r y amines i n t h e d a r k . 
4. The r e l a t i o n s h i p between amino a c i d d a t a and 
o t h e r m e a s u r a b l e p a r a m e t e r s i n e s t u a r i n e s a m p l e s . 
( C o l l a b o r a t i v e work w i t h Mr J . J . C l e e r y & Dr A.R.D. S t e b b i n g 
of I.M.E.R and Dr L. Brown & Dr J . Marsh of P l y m o u t h 
P o l y t e c h n i c ) 
The o b j e c t of t h i s a s p e c t of t h e work was t o p r o v i d e a 
c o m p r e h e n s i v e d a t a s e t o f a number o f p h y s i c a l and c h e m i c a l 
measurements on i n d i v i d u a l e s t u a r i n e s a m p l e s . The amino a c i d 
d a t a c o u l d be d i r e c t l y r e l a t e d t o o t h e r measurements on t h e 
same sample. A number o f s u c h e x p e r i m e n t s were c o n d u c t e d and 
t h e r e s u l t s of t h e d e p t h p r o f i l e s t a k e n on 2 3 r d S e p t e m b e r 
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1982 a t t h e s t a t i o n s shown i n t h e map ( F i g . 4.10) a r e g i v e n 
i n T a b l e 4.5. 
(The s a m p l e s were c o l l e c t e d by I.M.E.R. and f i l t e r e d 
(Whatman GF/F) s t o r e d a t 0 deg.C. i n g l a s s f o r m e t a l 
a n a l y s e s and i n p o l y t h e n e v i a l s f o r t h e a n a l y s i s of amino 
a c i d s . The s a m p l e s were a n a l y s e d w i t h i n a few h o u r s of 
c o l l e c t i o n . ) 
F i g u r e 4.10 
The Tamar E s t u a r y 
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ro 
T a b l e 
Tamar 
4.5 
Deoth P r o f i l e 23 -09 -82 
Depth S t a t i o n 16 
metres 16 15 11,5 3 0.5 
Asp 0 .24 0 .32 0 .71 0 .28 0 .32 GIu 0 .11 0 . 14 0 .29 0 . 13 0 . 16 Asn 0 .05 0 .06 0 . 16 0 .05 0 .06 S e r 0 43 0 .60 1 . 31 0 50 0 .64 H i s 0 12 0 .00 0 . 52 0 .21 0 .28 G l y 0 43 0 . 59 1 . 17 0 50 0 .66 Thr 0 21 0 .23 0 .56 0 18 0 .30 Arg 0 00 0 .07 0 13 0 00 0 .06 A l a 0 24 0 .33 0 72 0 29 0 , 38 T y r . 0 28 0 .27 0 31 0, 26 0 .29 Abu 0 09 0 .11 0 29 0 12 0 . 13 Gab 0. 00 0 00 0 00 0. 00 0 00 Va l 0. 17 0 .22 0 53 0. 22 0 25 Met 0. 00 0 00 0. 00 0. 00 0 00 T r y 0. 00 0 00 0 01 0. 00 0 00 Phe 0. 12 0 18 0. 22 0. 16 0 14 H e 0. 18 0 20 0. 23 0. 20 0 18 Leu 0. 11 0 16 0. 31 0. 16 0. 14 Orn 0. 20 0 20 0. 40 0. 23 0. 21 Lys 0. 00 0. 00 0. 09 0. 00 0. 06 
S t a t i o n 15 











































































































































T o t a l a r a i n o - n i t r o g e n u n i t s : yi moles l-» 
2.98 3.68 7.96 3.49 4.26 
Ammonium-nitrogen u n i t s : 
9.8 6.2 7.6 6.8 9.3 
S a l i n i t y d i m e n s i o n l e s s 
33.8 33.8 33.7 33.5 33.4 
T u r b i d i t y u n i t s : ppm 
8 10 9 8 10 
3.39 4.47 5.41 3.18 8.15 
y gm a t s N l - i 
10.4 8.0 6.8 7.0 10,1 
33.9 33.8 33.7 33.4 33.2 
S t a t i o n 14 

















































































10 10 8 12 10 
4.00 6.50 2.42 3.48 
7.8 5,6 8.4 13.2 
33.6 33.6 33.2 33.2 
16 13 19 14 
CJi 
T a b l e 4.5 ( c o n t i n u e c i ) 
Metal Data 
Depth S t a t i o n 16 S t a t i o n 15 S t a t i o n 14 
m etres 16 15 11.5 3 0.5 16.5 15.5 13 3.5 0.5 17 9 3.5 0 
C h e l e x E x t r a c t a b l e m e t a l s 
u n i t s : p 1-1 
Fe 0.61 0. 70 0.63 0.52 0.02 0.22 0.18 0.29 0.51 0.21 0.21 0.42 0.33 0.28 Mn 4.2 4.5 6.0 6.2 7.6 4.2 4.0 4.5 7.6 6.4 5.8 4.7 7.9 8.4 Pb 0.51 0.58 0.54 0.56 0.48 0.46 0.68 0.55 0.61 0.65 0.42 0.59 0.71 0.54 Cu 0.49 0.88 0.78 0. 78 0.60 0.47 0.60 0, 58 0.60 0.65 0.80 0. 11 0. 10 0.05 Zn 6.1 6.9 5.3 5.7 3.5 3.9 5.3 5.8 25.0 5.98 4.1 5.8 9.2 3.2 Ni 0.41 0. 51 0.43 0.57 0.62 0.45 0.47 0.55 0.53 0.68 0.66 0.75 0.76 0.59 Cd 0.05 0.07 0.08 0.07 0.08 0.05 0.03 0.05 0.05 0.05 0.08 0.11 0.10 0.05 
Leaqhed m e t a l s f p a r t l c u l a t e l e a c h e d w i t h 0.1 M KCl) 
u n i t s : p g l - i 
Fe 110 100 115 90 110 130 115 100 80 105 240 235 160 175 Mn 8.4 7.6 10.0 9.0 10.8 10.1 9.2 9.2 10.9 10.9 17.8 16.0 14.2 15.6 Pb 1.6 2.1 1.6 1.4 1.8 1.7 1.6 1.4 1.5 1.9 3.3 2.9 2.2 2.4 Cu 2.6 8.3 4.4 2.8 3.8 3.8 2.6 2.6 1.6 3.5 8.8 2.7 2.3 2.6 Zn 3.5 9.6 6.2 3.8 6.4 5.6 3.8 5.7 2.8 5.3 10.3 4.3 3.9 4.3 Ni 0. 32 0. 44 0.33 0. 29 0. 33 0.32 0.29 0. 28 0. 24 0.40 0.59 0.45 0.30 0.34 Cd 0.05 0,04 0.05 0.03 0.04 0.03 0.04 0.03 0.03 0.04 0.04 0.08 0.04 0.05 
T a b l e 4.5 ( c o n t i n u e d ) 
Depth 
metres 16 
S t a t i o n 16 
15 11.5 3 0.5 
S t a t i o n 15 
16.5 15.5 13 3.5 0.5 
S t a t i o n 14 
17 9 3.5 0.5 
P a r t i c u l a t e m e t a l s 
u n i t s : p g.< grr i 
Fe 6600 6700 8200 6100 5400 6700 5900 5200 5200 5900 10200 9100 8400 8700 
Mn 530 530 670 590 560 547 543 544 556 557 740 620 760 780 
Pb 106 150 107 88 93 86 82 74 84 105 141 107 114 119 
Cu 160 560 290 180 190 200 130 140 90 200 370 110 120 130 
2n 210 660 410 250 340 280 190 290 160 310 440 170 210 210 
Ni 19 30 22 19 17 17 15 15 13 23 25 17 15 16 
Cd 3.2 2.7 3.4 2.0 2.3 1.5 2.2 1.5 1.7 2.3 1.8 2.8 2.1 2.5 
Note: The m e t a l , ammonium-N, s a l i n i t y and t u r b i d i t y d a t a on a l i q u o t s of t h e s e 
samples was g i v e n by J . J . C l e e r y & Dr A.R.D. S t e b b i n g of I.M.E.R. and Dr L Brown 
of Plymouth P o l y t e c h n i c . 
The amino n i t r o g e n c o n t e n t was compared w i t h v a r i o u s o t h e r 
c o n s t i t u e n t s of t h e e s t u a r i n e s a m p l e s c o l l e c t e d . Dr John 
Marsh of Plymouth P o l y t e c h n i c e s t i m a t e d d i s s o l v e d i r o n i n 
a l i q u o t s o f s a m p l e s t a k e n on a number of a x i a l s u r v e y s o f 
t h e e s t u a r y by t h e f e r r o c e n e method, d i s s o l v e d manganese by 
a t o m i c a b s o r p t i o n s p e c t r o m e t r y and a r s e n i c by h y d r i d e 
g e n e r a t i o n and a t o m i c a d s o r p t i o n s p e c t r o m e t r y . The r e s u l t s 
of t h e s e a n a l y s e s showed no c o r r e l a t i o n w i t h e i t h e r amino 
n i t r o g e n n o r any i n d i v i d u a l amino a c i d . 
A. R e l a t i o n s h i p between a m i n o - n i t r o g e n and 
ammonium n i t r o g e n , s a l i n i t y and t u r b i d i t y 
S i m i l a r l y no c o r r e l a t i o n was f o u n d f o r amino n i t r o g e n n o r 
any i n d i v i d u a l amino a c i d w i t h ammonium n i t r o g e n , s a l i n i t y 
o r t u r b i d i t y measurements on a l i q u o t s of t h e s a m p l e s 
a n a l y s e d . 
B. R e l a t i o n s h i p between a m i n o - n i t r o g e n 
p a r t i c u l a t e and d i s s o l v e d m e t a l s 
M e t a l d a t a f o r t h r e e f r a c t i o n s was o b t a i n e d a s i t was 
c o n s i d e r e d t h a t some d i f f e r e n t p h y s i c a l s t a t e s o f t h e m e t a l 
c o n t e n t of t h e sample may be more o r l e s s b i o l o g i c a l l y 
m e d i a t e d . I t was hoped t h a t a r e l a t i o n s h i p b etween m e t a l 
c o n t e n t and amino n i t r o g e n c o m p o s i t i o n would emerge. 
The d i s s o l v e d m e t a l d a t a r e f e r s t o measurements, c a r r i e d out 
by Mr J , J , C l e e r y and Dr A.R.D, S t e b b i n g o f I.M.E.R and Dr 
L. Brown of Plymouth P o l y t e c h n i c , of t h e s o l u b l e f r a c t i o n 
a f t e r f i l t r a t i o n by a t o m i c a b s o r p t i o n s p e c t r o m e t r y . The 
p a r t i c u l a t e d a t a r e f e r s t o a n a l y s i s by a t o m i c a d s o r p t i o n 
s p e c t r o m e t r y of t h e s o l i d s r e m a i n i n g a f t e r f i l t r a t i o n and 
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t h e K C l l e a c h r e f e r s t o a n a l y s i s by a t o m i c a d s o r p t - i o n 
s p e c t r o m e t r y of m e t a l s l e a c h e d from t h e p a r t i c u l a t e f r a c t i o n 
w i t h 0.1 Molar K C l . 
C a l c u l a t i o n s of l i n e a r r e g r e s s i o n c o e f f i c i e n t s on t h e d a t a 
g i v e n i n T a b l e 4.5 t y p i c a l l y show a l a c k of any r e l a t i o n s h i p 
between e i t h e r amino n i t r o g e n o r any i n d i v i d u a l amino a c i d 
w i t h measurements o f d i s s o l v e d , l e a c h e d o r p a r t i c u l a t e 
m e t a l s . 
The main f e a t u r e s of amino a c i d measurements 
i n t h e Tamar E s t u a r y . 
1. The s e a s o n a l v a r i a t i o n of amino n i t r o g e n . 
A s e a s o n a l v a r i a t i o n of d i s s o l v e d f r e e amino n i t r o g e n was 
no t e d . H i g h e r c o n c e n t r a t i o n s were p r e s e n t i n t h e w a t e r 
d u r i n g t h e l a t e summer and autumn. T h e s e e l e v a t e d l e v e l s 
were a t t r i b u t e d t o m i c r o h e t e r o t r o p h i c breakdown o f dead and 
d e c a y i n g o r g a n i c m a t e r i a l s a t t h e end of t h e g r o w i n g s e a s o n . 
2. The r e l a t i o n s h i p between amino a c i d s and s a l i n i t y . 
No r e l a t i o n s h i p was n o t e d between s a l i n i t y and amino 
n i t r o g e n o r any i n d i v i d u a l amino a c i d . 
3. The r e l a t i o n s h i p between amino a c i d s and 
d i s s o l v e d ^T\d p a r t i c u l a t e m e t a l s . 
No r e l a t i o n s h i p was n o t e d between d i s s o l v e d , l e a c h e d o r 
p a r t i c u l a t e m e t a l s and amino n i t r o g e n o r any i n d i v i d u a l 
amino a c i d . 
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C h a p t e y 5 
CONCLUDING REMARKS ON THE RESULTS OF DISSOLVED F R E E AMINO 
ACID MEASUREMENTS IN THE WESTERN ENGLISH CHANNEL AND THE 
TAMAR ESTUARY. 
The p u r p o s e o f t h i s c h a p t e r i s t o draw t o g e t h e r some of t h e 
r e s u l t s and p o i n t s r a i s e d i n p r e v i o u s c h a p t e r s and e n d e a v o u r 
t o make some c o n c l u s i o n s . 
The p r e v i o u s f o u r c h a p t e r s have been c o n c e r n e d w i t h t h e 
measurement o f d i s s o l v e d f r e e amino a c i d s i n v a r i o u s n a t u r a l 
w a t e r s i . e . t h e c h e m i c a l a n a l y s i s of t h e w a t e r s a m p l e s . As 
i n d i c a t e d i n c h a p t e r 3 t h e e n v i r o n m e n t a l a n a l y s e s were 
c a r r i e d o u t i n o r d e r t o d e t e r m i n e w h e t h e r o r n o t t h e 
s e a s o n a l v a r i a t i o n s i n t h e l e v e l s o f amino a c i d and t h e i r 
c o m p o s i t i o n c o u l d throw l i g h t on t h e h y p o t h e s i s t h a t amino 
a c i d s c o u l d s e r v e a s s i g n i f i c a n t s o u r c e s of n u t r i e n t 
n i t r o g e n f o r p h y t o p l a n k t o n . 
No o b s e r v a t i o n s of any s o r t were made o f t h e b i o l o g i c a l 
c o n t e n t of t h e w a t e r s a m p l e s . S uch o b s e r v a t i o n s would h a v e 
been w e l l beyond t h e scope of t h i s p r o j e c t . 
As s e e n i n c h a p t e r 1 t h e r e was no e v i d e n c e f o r s i g n i f i c a n t 
c o p r e c i p i t a t i o n of amino a c i d s i n e s t u a r i n e w a t e r s u n d e r t h e 
e x p e r i m e n t a l c o n d i t i o n s u s e d . C o n s e q u e n t l y , t h e r e m o v a l of 
t h e s e compounds from t h e s e w a t e r s , i f any, must be by some 
o t h e r mechanism. 
As a s e a s o n a l s u r v e y of amino a c i d l e v e l s and c o m p o s i t i o n 
had been u n d e r t a k e n f o r b o t h c o a s t a l and e s t u a r i n e w a t e r s , a 
s t a t i s t i c a l a n a l y s i s u s i n g S t u d e n t ' s t - t e s t was p e r f o r m e d t o 
compare t h e two w a t e r b o d i e s . 
T a b l e 5.1 compares t h e monthly a v e r a g e amino n i t r o g e n l e v e l s 
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f o r c o a s t a l and e s t u a r i n e w a t e r s . ( D a t a from T a b l e s 3.1 & 
4 . 2 ) . 
E x a m i n a t i o n of t h e p v a l u e s i n T a b l e 5.1 shows t h a t t h e 
amino n i t r o g e n c o n t e n t o f t h e two w a t e r b o d i e s i n t h e l a t e 
summer and autumn a r e s t a t i s t i c a l l y v e r y d i s s i m i l a r w h i c h 
c o n t r a s t s w i t h most of t h e o t h e r months. The e s t u a r i n e 
v a l u e s a r e c o n s i s t e n t l y h i g h e r t h r o u g h o u t t h e y e a r e x c e p t 
f o r J a n u a r y . I t i s p o s s i b l e t h i s d i v e r g e n c e may h a v e a r i s e n 
b e c a u s e t h e amino n i t r o g e n i n t h e two b o d i e s of w a t e r was 
p r e s e n t a s a r e s u l t of d i f f e r e n t p r o c e s s e s w h e r e a s f o r t h e 
r e s t of t h e y e a r s i m i l a r amino a c i d p r o d u c t i o n p r o c e s s e s 
e x i s t . I n Qugust, S e p t e m b e r and Q c t o b e r , f o r example, amino 
a c i d p r o d u c t i o n c o u l d be p r e d o m i n a n t l y w i t h i n t h e w a t e r 
column i n c o a s t a l w a t e r s and a r i s i n g m a i n l y from l a n d run 
o f f i n t h e t h e e s t u a r y . On t h e o t h e r hand d i s s i m i l a r 
m i c r o b i a l p o p u l a t i o n s and t h u s u t i l i s a t i o n of d i s s o l v e d 
amino n i t r o g e n i n t h e two w a t e r b o d i e s c o u l d c o n t r i b u t e t o 
t h i s e f f e c t . I t might r e a s o n a b l y be e x p e c t e d t h a t i n t h e 
e n v i r o n m e n t a c o m b i n a t i o n o f t h e s e and o t h e r i n f l u e n c e s a r e 
i n t e g r a t e d t o form a complex p r o c e s s o f amino a c i d 
p r o d u c t i o n and u t i l i s a t i o n F l y n n & B u t l e r ( 1 9 8 6 ) . I n any 
e v e n t i t i s n o t p o s s i b l e t o do more t h a n s p e c u l a t e on t h e 
i n d i v i d u a l and combined e f f e c t s of a u t o t r o p h i c and 
h e t e r o t r o p h i c u p t a k e and r e l e a s e o f amino a c i d s on amino 




J a n Feb Mar Apr May Jun J u l Aug Sep Oct Nov Dec 
3.7 2.1 2.9 2.5 2.6 2. 1 1 . 4 1 . 6 2.7 2.2 3.2 2.9 
2.15 0.87 1.41 1.06 1.47 1.32 0.98 0.66 1. 38 1 . 12 1. 65 2. 36 
7 11 14 31 31 6 18 15 33 22 6 17 
T a b l e 5.1 
A comparison of c o a s t a l and e s t u a r i n e w a t e r s 





E s t u a r i n Q w a t e r s . 
Month J a n Feb Mar Apr May Jun J u l Aug Sep Oct Nov Dec 
Mean 1.4 4.4 2.8 2.1 3.2 2.2 2.4 4.5 4.5 6.8 4.9 3.5 
S.D. 0.94 2.59 2.09 1.21 1.05 1.18 1.69 2.27 1.81 4.68 2.66 1.84 
n 11 34 13 22 11 39 10 15 14 10 10 9 
p 0.01 >>0.2 >0.2 0.05 <<0.001 0.2 
0.01 0.2 >>0.2 <<0.001 <<0,001 >>0.2 
u n i t s : 1x10-6 moles I ' l 
Key: S.D. s t a n d a r d d e v i a t i o n ; n number of o b s e r v a t i o n s ; 
p p r o b a b i l i t y of t h e mean of two samples b e i n g s t a t i s t i c a l l y s i m i l a r 
A number of o t h e r f a c t o r s have been c o n s i d e r e d t o t a k e 
a c c o u n t o f t h e s t a t i s t i c a l d i s s i m i l a r i t y between t h e two 
w a t e r b o d i e s i n A u g u s t September and O c t o b e r , some of w h i c h 
a r e o u t l i n e d below. 
1. S e d i m e n t / w a t e r e x c h a n g e s . 
As p r e v i o u s l y mentioned, t h e s e d i m e n t s o f t h e Tamar e s t u a r y 
a r e known t o be r i c h i n amino a c i d s ( R i g h t o n M. & B r a v e n J , 
p e r s o n a l c o m m u n i c a t i o n ) and i n c r e a s e d amino a c i d l e v e l s may 
be c a u s e d by t h e d i s t u r b a n c e of s e d i m e n t s d u r i n g p o s t 
e q u i n o x g a l e s . However, t h i s e f f e c t o ught t o be o b v i o u s from 
O c t o b e r onwards. 
2. Land r u n o f f . 
A n o t h e r p o s s i b i l i t y was amino a c i d e n r i c h m e n t from l a n d r u n 
o f f a s a r e s u l t of a g r i c u l t u r a l a c t i v i t y . However, t h i s 
might be e x p e c t e d t o be dominant b o t h i n t h e s p r i n g and 
autumn and a l s o be a s s o c i a t e d w i t h h i g h r a i n f a l l . 
3. Dead v e g e t a t i o n . 
D e c a y i n g v e g e t a t i o n may c o n t r i b u t e t o e n h a n c e d l e v e l s i n t h e 
e s t u a r y b u t t h i s would not o c c u r u n t i l l a t e autumn o r e a r l y 
w i n t e r . 
4. I m p a c t of d o m e s t i c sewage. 
Sewage i s known t o h a v e h i g h amino a c i d l e v e l s and t h e 
i n c r e a s e i n p o p u l a t i o n due t o h o l i d a y m a k e r s and yachtsmen 
might be e x p e c t e d t o i n c r e a s e t h e amount o f sewage 
d i s c h a r g e d i n t o t h e e s t u a r y . However, any e f f e c t might be 
o b s e r v e d from mid summer u n t i l t h e end o f t h e h o l i d a y 
s e a s o n . 
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5. M i c r o h e t e r o t r o p h i c u p t a k e . 
One o t h e r p o s s i b i l i t y c o u l d be t h e e f f e c t of d i f f e r e n c e s i n 
t h e r a t e of amino a c i d u t i l i s a t i o n . However, t h e r e s u l t of 
t h i s may be c o n f i n e d t o t h e w i n t e r months a s t h e p o p u l a t i o n 
of b i o t a g e n e r a l l y d e c r e a s e . 
None of t h e s e c o n s i d e r a t i o n s p r o v i d e a t o t a l l y s a t i s f a c t o r y 
e x p l a n a t i o n f o r t h e d i f f e r e n c e s p r e v i o u s l y r e f e r r e d t o and 
t h e i r c a u s e i s n o t c l e a r l y u n d e r s t o o d . 
I n o r d e r t o e l u c i d a t e t h e s o u r c e o f t h e s e s t a t i s t i c a l 
s i m i l a r i t i e s and d i f f e r e n c e s between e s t u a r i n e and c o a s t a l 
amino a c i d l e v e l s i t i s f e l t t h a t b i o l o g i c a l d a t a on 
a l i q u o t s of t h e s a m p l e s a n a l y s e d f o r amino a c i d c o n t e n t 
would be r e q u i r e d . The d i s c r e t e s a m p l i n g s t r a t e g y a dopted i n 
t h i s work h a s r e s u l t e d i n t h e c o l l e c t i o n of d a t a from 
numerous d i f f e r e n t m i c r o e n v i r o n m e n t s and i t may not be 
p o s s i b l e t o sum s u c h d a t a t o o b t a i n r e a l i s t i c e s t i m a t e s of 
t h e r o l e of amino n i t r o g e n i n t h e s e w a t e r s ( D r i n g 1 9 8 4 ) . I t 
i s s u g g e s t e d t h a t any f u t u r e e x a m i n a t i o n of c o a s t a l and 
e s t u a r i n e w a t e r s t o d e t e r m i n e amino a c i d o r i g i n s and t h e i r 
f a t e s h o u l d a l s o i n c l u d e b i o l o g i c a l a n a l y s e s of t h e w a t e r 
s a m p l e s a n a l y s e d and a l s o e s t i m a t e s o f t h e r a t e of amino 
a c i d t u r n o v e r . 
B e s i d e s c o n s i d e r i n g t h e e f f e c t s m e n t i o n e d above some a t t e m p t 
was made, i n t h e e s t u a r y a t any r a t e , t o r e l a t e t h e amino 
n i t r o g e n t o p h y s i c a l and o t h e r c h e m i c a l p a r a m e t e r s ( s e e 
T a b l e 4.5) b u t no r e l a t i o n s h i p s c o u l d be found. 
The a v e r a g e p e r c e n t a g e amino a c i d c o m p o s i t i o n f o r c o a s t a l 
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and e s t u a r i n e w a t e r s g i v e n i n T a b l e s 3.4 & 4.4 a r e v e r y 
s i m i l a r and show b o t h s o u r c e s t o have s e r i n e , g l y c i n e , 
t y r o s i n e and o r n i t h i n e a s t h e dominant s p e c i e s . Of t h e s e 
t y r o s i n e a p p e a r s t o behave i n a v e r y e r r a t i c manner i n b o t h 
c o a s t a l and e s t u a r i n e w a t e r s and F i g u r e 5.1 i l l u s t r a t e s t h e 
s e a s o n a l v a r i a t i o n of t h e r e l a t i v e monthly c o m p o s i t i o n o f 
t h e dominant amino a c i d s . 
One p r o b a b l e s o u r c e of amino a c i d s i n t h e w a t e r column i s 
from t h e m i c r o h e t e r o t r o p h i c d e g r a d a t i o n o f p r o t e i n a c e o u s 
m a t e r i a l s . However one o f t h e p r e d o m i n a n t a c i d s , o r n i t h i n e , 
i s n o t commonly found i n p r o t e i n s and i s n o t b i o s y n t h e s i s e d 
on t h e ribosome by t h e n o r m a l DNA c o d i n g p r o c e s s , i t s o r i g i n 
i s n o t t h e r e f o r e known. However i t may a r i s e f r o m t h e 
b i o d e g r a d a t i o n of a r g i n i n e (Degens e t a l . 1 9 6 4 ) . O n l y 
s m a l l amounts o f a r g i n i n e have been d e t e c t e d d u r i n g t h e 
c o u r s e of t h i s work w h i c h t e n d s t o g i v e t h i s h y p o t h e s i s some 
s u p p o r t . A l t e r n a t i v e l y J o r g e n s e n e t a l . ( 1 9 8 0 ) h a v e 
a t t r i b u t e d a s e d i m e n t / w a t e r exchange p r o c e s s a s a s o u r c e of 
t h i s amino a c i d i n e s t u a r i n e w a t e r s . 
An i n t e r e s t i n g f e a t u r e of t h e amino a c i d s p e c t r u m , i n b o t h 
c o a s t a l and e s t u a r i n e w a t e r s , i s t h a t t h e dominant a c i d s a r e 
' n o n - e s s e n t i a l ' i n t e r m s of s u p p o r t i n g h e a l t h y human growth. 
Dependence on ' e s s e n t i a l ' amino a c i d s f o r n i t r o g e n 
m e t a b o l i s m has n o t o n l y been d e m o n s t r a t e d i n humans but h a s 
even been not e d i n s u c h p h y l a a s t h e p r o t o z o a . 
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F i g u r e 5. 1 
The s e a s o n a l v a r i a t i o n of t h e dominant. 
amino a c i d s i n c o a s t a l and e s t u a r i n e w a t e r s 
3Qt 




E s t u a r i n e w a t e r 
Month 








O r n i t h i n e 
C o a s t a l s e a w a t e r 
Honth 
y 11 
I H 12 
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F i g u r e 5.1 ( c o n t i n u e d ) 
G l y c i n e 
1 




E a t u a r i n e water 





T y r o s i n e 
20-
10+ 
C o a s t a l s e a w a t e r 
Month 
•f—± ^ 1 ^ ± ^ J ! 1-11 
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The ' e s s e n t i a l ' amino a c i d s ( T h r , V a l , Met, T r y , Phe, l i e , 
Leu, L y s ) r e g u l a r l y o c c u r o n l y a t low c o n c e n t r a t i o n s w h i c h 
might p o s s i b l y be i n d i c a t i v e of e i t h e r some p r e f e r e n t i a l 
u t i l i s a t i o n by t h e b i o t a s i n c e i t m i g h t be r e a s o n a b l e t o 
e x p e c t a c o m p o s i t i o n a l r e l a t i o n s h i p between t h e amino a c i d 
c o n t e n t of t h e w a t e r s and t h e c e l l s l i v i n g i n them o r 
r e l e a s e by t h e b i o t a of m a i n l y ' n o n - e s s e n t i a l * amino a c i d s 
as e x c r e t o r y p r o d u c t s . However t h e b i o d e g r a d a t i o n of dead 
c e l l u l a r m a t e r i a l might be e x p e c t e d t o i n v o l v e e x t r a c e l l u l a r 
e n z y m a t i c h y d r o l y s i s of p r o t e i n s and a r e l e a s e of t h e 
c o n s t i t u e n t amino a c i d s i n t o t h e w a t e r column, c o n s e q u e n t l y 
i f t h i s p r o c e s s i s i n any way s i g n i f i c a n t t h e n i t would 
s u g g e s t t h a t t h e l a t t e r p r o c e s s o f r e l e a s e of 'non 
e s s e n t i a l ' amino a c i d s i s n o t dominant. 
The a b i l i t y o f m a r i n e p h y t o p l a n k t o n t o u s e o r g a n i c 
n i t r o g e n o u s compounds a s a s o l e n i t r o g e n s o u r c e i s w e l l 
known and t h e r e i s an e x t e n s i v e l i t e r a t u r e on l a b o r a t o r y 
s t u d i e s ( C a r p e n t e r . & Capone 1 9 8 3 ) . The c o n c l u d i n g p a r a g r a p h 
on t h e u p t a k e of o r g a n i c n i t r o g e n compounds by P a u l ( 1 9 8 3 ) 
s t a t e s t h a t "The f a c t t h a t c o n c l u s i o n s a r e n o t e a s i l y drawn 
c o n c e r n i n g t h e u p t a k e o f o r g a n i c n i t r o g e n e m p h a s i s e s t h e 
need f o r more r e s e a r c h i n t h i s f i e l d . " However t h e u p t a k e of 
t h e s e compounds i n t h e e n v i r o n m e n t by s u c h s p e c i e s has n o t 
y e t been d e m o n s t r a t e d . 
The p r e s e n t s t u d y has c l e a r l y shown a s e a s o n a l v a r i a t i o n i n 
t h e t o t a l amino n i t r o g e n l e v e l and i t h a s been found t o 
c o n t r i b u t e a s i g n i f i c a n t p r o p o r t i o n t o t h e t o t a l d i s s o l v e d 
n i t r o g e n . T h e r e i s a l s o a c l e a r i n h o m o g e n e i t y o f d i s s o l v e d 
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f r e e amino a c i d s i n t h e w a t e r s s t u d i e d . 
C o m p o s i t i o n a l c h a n g e s do n o t show any c l e a r i n d i c a t i o n o f 
u p t a k e o r r e l e a s e of t h e compounds by t h e b i o t a . However i t 
i s q u i t e p o s s i b l e t h a t t h e a c c e p t e d p r a c t i c e of d a t a 
a v e r a g i n g , m e n t i o n e d b e f o r e , c o u l d h a v e masked t h e s e 
e f f e c t s . 
When t h e p h y t o p l a n k t o n s p e c i e s a r e u s i n g n i t r a t e , p h o s p h a t e 
and s i l i c a t e , a v e r a g i n g i s p r o b a b l y a c c e p t a b l e . However i f 
d i f f e r e n t p l a n k t o n s p e c i e s a r e d i s p l a y i n g d i f f e r e n t amino 
a c i d u p t a k e p r e f e r e n c e s i n t h e e n v i r o n m e n t , a s t h e y have 
been shown t o do i n t h e l a b o r a t o r y , t h e n d a t a a v e r a g i n g 
c o u l d w e l l be c o u n t e r p r o d u c t i v e e s p e c i a l l y i n s t u d i e s o f 
c o m p o s i t i o n a l c h a n g e s . 
I t i s f e l t o v e r a l l t h a t i t i s r e a s o n a b l y l i k e l y t h a t , a t 
l e a s t sometimes, some p l a n k t o n s p e c i e s a r e u s i n g amino a c i d s 
a s a s o u r c e of n i t r o g e n and f u r t h e r s t u d i e s of an 
e n v i r o n m e n t a l n a t u r e d e s i g n e d t o measure amino a c i d f l u x 
c h a nges s h o u l d be u n d e r t a k e n i n a d d i t i o n t o t h e m o n i t o r i n g 
s t u d i e s o f p u r e p l a n k t o n c u l t u r e s t o e s t a b l i s h any amino 
a c i d p r e f e r e n c e s and k i n e t i c d a t a . 
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Appendix A. 
R e s u l t s of amino a c i d measurements 
i n t h e w e s t e r n E n g l i s h c h a n n e l . 
A l l t h e s a m p l e s were a n a l y s e d i n t h e 
l a b o r a t o r y e x c e p t f o r t h e c r u i s e s 
i n O c t o b e r 1981, and September 1983 
when t h e y were a n a l y s e d 
a t s e a on t h e NERC r e s e a r c h v e s s e l F r e d e r i c k R u s s e l 
A. 1 
E n g l i s h c h a n n e l w a t e r Depth P r o f i l e S t a t i o n E l 20-01-83 
u n i t s : 1x10-6 moles 1-i 
> 
to 
Depth 0 5 10 20 35 50 70 metres 
Asp 0 .07 0 20 0 . 14 0 .25 0 .07 0 .47 0 .55 
G l u 0 .08 0 13 0 .20 0 . 18 0 .06 0 .35 0 .38 
Asn 0 .05 0 11 0 .09 0 . 10 0 .00 0 .00 0 .02 
S e r 0 .08 0 19 0 . 14 0 .22 0 .07 0 .42 0 .49 H i s 0 .13 0 19 0 .00 0 .10 0 .04 0 . 36 0 . 33 
G l y 0 .15 0 26 0 . 19 0 .26 0 .08 0 .51 0 .61 
Thr 0 .07 0 17 0 . 14 0 . 18 0 .06 0 .38 0 .48 
Arg" 0 .00 0. 00 0 .00 0 .00 0 .00 0 . 23 0 .00 
A l a 0 .08 0. 20 0 . 15 0 . 21 0 .08 0 .44 0 .51 
T y r 0 .63 0. 62 0 .72 0 .65 0 .67 0 .71 0 . 71 
Abu 0 .06 0. 14 0 . 10 0 . 15 0 .07 0 .27 0 .29 
Gab 0 00 0. 00 0 00 0 .00 0 .00 0 .00 0 .00 
V a l 0 04 0. 19 0 14 0 .24 0 .06 0 .41 0 .46 
Met 0 00 0. 06 0 00 0 .00 0 00 0 00 0 00 
T r y 0 00 0. 10 0 12 0 .00 0 .00 0 00 0 .46 
Phe 0 05 0. 13 0 10 0 12 0 03 0 40 0 34 
H e 0 06 0. 11 0 10 0 12 0 06 0 24 0 23 
Leu 0 13 0. 20 0 20 0 22 0 00 0 42 0 47 
Orn 0 08 0. 24 0 13 0 17 0 15 0 38 0 42 
L y s 0 00 0. 21 0 00 0 11 0 00 0 20 0 35 
T o t a l 1. 76 3. 45 2 66 3 28 1 50 6 19 7 10 
E n g l i s h c h a n n e l w a t e r s u r f a c e samples 28-02-84 
u n i t s : 1x10-6 moles l - i 
> 
Asp 0 . 10 0 . 13 0 .10 0 .19 0 .11 0 .09 0 .11 0 .07 0 .05 0 21 G l u 0 .06 0 .07 0 .04 0 .08 0 05 0 .05 0 07 0 02 0 .01 0 11 Asn 0 .00 0 .00 0 .03 0 .00 0 06 0 .00 0 .03 0 .00 0 .00 0 05 S e r 0 33 0 .40 0 .28 0 .56 0 29 0 .23 0 35 0 19 0 . 18 0 58 H i s 0 05 0 .07 0 .07 0 . 13 0 07 0 .03 0 04 0 00 0 .00 0 09 G l y 0 31 0 .23 0 28 0 52 0 29 0 . 14 0 33 0 18 0 .31 0. 54 Thr 0 05 0 .05 0 04 0 17 0 06 0 .00 0 03 0 01 0 .00 0. 14 Arg 0 00 0 00 0 03 0 04 0 09 0 02 0 04 0 00 0 .02 0. 02 A l a 0 15 0 18 0 12 0 25 0 14 0 10 0 12 0 06 0 .09 0. 24 T y r 0 14 0 14 0 10 0 17 0. 12 0 07 0 08 0 06 0 12 0. 12 Abu 0 07 0 10 0 04 0 10 0. 07 0 04 0 04 0 03 0 .02 0. 10 Gab 0 00 0 00 0 00 0 00 0. 00 0 00 0. 00 0. 00 0 00 0. 00 V a l 0 06 0 07 0 07 0 09 0. 05 0 04 0. 06 0. 03 0 00 0. 12 Met 0. 00 0 00 0 00 0 00 0. 00 0 00 0. 00 0. 00 0 01 0. 00 
T r y 0. 00 0 00 0 00 0 00 0. 00 0 00 0. 00 0. 00 0 02 0. 02 Phe 0. 03 0 05 0. 00 0. 09 0. 00 0 03 0. 00 0. 00 0 00 0. 08 
H e 0. 00 0 00 0 00 0. 00 0. 02 0 00 . 0. 00 0. 00 0 00 0. 00 
Leu 0. 00 0. 09 0. 07 0. 12 0. 07 0. 02 0. 07 0. 08 0 04 0. 13 
Orn 0. 45 0. 46 0. 23 0. 53 0. 31 0. 28 0. 45 0. 27 0 39 0. 37 
L y s 0. 32 0. 16 0. 07 0. 23 0. 10 0. 08 0. 17 0. 00 0 05 0. 19 
T o t a l 2. 12 2. 20 1. 57 3. 27 1. 90 1. 22 1. 99 1. 00 1. 31 3. 11 
E n g l i s h c h a n n e l w a t e r d a t a f o r F e b r u a r y 
u n i t s : 1x10-8 moles 1" i 
23/02/83 
Asp 0 . 21 
G l u 0 . 13 
Asn 0 .05 
S e r 0 .42 
H i s 0 .25 
G l y 0 . 58 
T h r 0 . 16 
A r g 0 .00 
A l a 0 . 25 
T y r 0 .38 
Abu 0 .07 
Gab 0 .00 
V a l 0 . 14 
Met 0 .00 
T r y 0 .00 
Phe 0 . 12 
H e 0 . 10 
Leu 0 . 18 
Orn 0 .42 
L y s 0 . 16 
T o t a l 3 . 62 
E n g l i s h c h a n n e l w a t e r d a t a f o r March 
u n i t s : 1> -6 moles 1-1 ( 1 9 8 3 ) 
D a t e 24/3 31/3 
Depth 20 M 10 M 
Asp 0.13 0.40 
G l u 0.23 0. 12 
Asn 0.05 0.09 
S e r 0.22 1.00 
H i s 0.09 0.20 
G l y 0. 21 0.74 
T h r 0.09 0.25 
Ar g 0.00 0.00 
A l a 0.13 0.45 
T y r 0. 58 0. 19 
Abu 0.06 0.15 
Gab 0.05 0.07 
V a l 0.07 0.21 
Met 0.00 0.00 
T r y 0.00 0.00 
Phe 0.03 0. 16 
H e 0.00 0.14 
Leu 0.06 0.20 
Orn 0. 16 0.35 
L y s 0. 20 0.11 
T o t a l 2. 36 4.83 
A.4 
S u r f a c e s e a w a t e r s^n^pl^s 29/3/^4 
u n i t s : 1x10-6 moles l - i 
5 6 7 
0.16 0.33 0.29 
0.07 0.11 0.10 
0.04 0.09 0.08 
0.49 0.89 0.80 
0.00 0.16 0.10 
0.49 0.66 0.70 
0.13 0.24 0.22 
0.02 0.01 0.00 
0.18 0.31 0.31 
0.07 0.10 0.10 
0.07 0.14 0.12 
0.01 0.00 0.00 
0.11 0.18 0.16 
n&T, u.uu U.UO 0.00 0.00 0.00. 0.00 0.00 
" 0.00 0.03 0.03 
0.07 0.14 0.08 
0.05 0.09 0.10 
0.07 0.12 0.12 
0.31 0.48 0.48 
0.12 0.13 0.11 
2.46 4.21 3.90 
Sample 1 2 3 4 Asp 0 .08 0 . 18 0 . 17 0 . 10 Gl u 0 .05 0 .08 0 .06 0 .04 Asn 6 .02 0 .05 0 .04 0 .03 S e r 0 .20 0 .45 0 .47 0 .30 H i s 0 .06 0 .09 0 .03 0 .07 Gl y 0 . 16 1 .83 0 .60 0 . 33 Thr 0 .03 0 .07 0 . 12 0 . 10 Arg 0 .01 0 .00 0 .01 0 .02 A l a 0 08 0 15 0 17 0 10 T y r 0 08 0 05 0 08 0 07 Abu 0 04 0 06 0 06 0 06 Gab 0 00 0 00 0 00 0 00 V a l 0 04 0 07 0 10 0 06 Met 0. 00 0. 00 0 00  T r y 0. 00 0. 00 0. 00 0. 00 Phe 0. 02 0. 04 0. 09 0. 05 H e 0. 03 0. 00 0. 00 0. 00 Leu 0. 04 0. 06 0. 06 0. 06 Orn 0. 13 0. 36 0. 25 0. 32 Lys 0. 05 0. 20 0. 09 0. 00 
T o t a l 1. 12 3. 74 2. 40 1. 71 
8 9 10 11 12 0 .03 0 .38 0 . 27 0 .24 0 .07 0 .00 0 . 16 0 . 12 0 .08 0 .05 0 .00 0 .11 0 .07 0 .05 0 .00 0 .08 1 .05 0 .76 0 .67 0 .14 0 .00 0 .23 0 . 14 0 . 16 0 .00 0 .16 0 .83 0 .66 0 .62 0 .11 0 .00 0 .27 0 .21 0 . 16 0 .05 0 .00 0 .08 0 .04 0 .00 0 .00 0 04 0 39 0 27 0 25 0 04 0 07 0 10 0 08 0 10 0 09 0 02 0 14 0 10 0 08 0 02 0 00 0 00 0 00 0 02 0 02 0 02 0. 23 0. 15 0 12 0. 04 0 00 0. 03 0. 00 0. 00 0. 00 0. 00 0. 01 0. 03 0. 03 0. 00 0. 00 0. 12 0. 10 0. 08 0. 02 0. 00 0. 08 0. 04 0. 07 0. 00 0. 01 0. 16 0. 05 0. 08 0. 00 0. 29 0. 52 0. 40 0. 38 0. 29 0. 00 0. 19 0. 13 0. 14 0. 16 
0. 72 5. 08 3. 62 3. 33 1. 10 
E n g l i s h c h a n n e l w a t e r d a t a f o r A p r i l , 
u n i t s : 1x10-6 m o l e s l - i 
A p r i l 1882 C r u i s e , 
( s a m p l e s a n a l y s e d i n t h e l a b o r a t o r y ) 
S t a t i o n 4 4 4 5 5 5 
Depth lOM 20M 50M lOM 20M 50M 
Asp 0 16 0 14 0 13 0 18 0 10 0. 23 
G l u 0 07 0 07 0 .04 0 07 0 04 0. 07 
Asn 0 06 0 05 0 03 0 03 0 00 0. 06 
S e r 0 .47 0 35 0 .31 0 42 0 . 22 0. 57 
H i s 0 10 0 10 0 . 10 0 13 0 08 0 . 15 
G l y 0 .72 0 .26 0 . 29 0 31 0 . 16 0. 43 
T h r 0 .08 0 12 0 .08 0 14 0 .08 0 . 22 
Ar g 0 .04 0 .00 0 .00 0 .00 0 .00 0. 00 
A l a 0 . 24 0 . 17 0 . 17 0 . 18 0 . 12 0. 25 
T y r 0 .46 0 .46 0 .43 0 .47 0 . 51 0. 57 
Abu 0 .07 0 .08 0 .06 0 .07 0 .06 0. 11 
Gab 0 .20 0 . 11 0 . 13 0 .06 0 .06 0. 06 
V a l 0 . 10 0 . 10 0 . 10 0 . 10 0 .06 0. 17 
Met 0 .00 0 .00 0 .00 0 .00 0 .00 0. 00 
T r y 0 .00 0 .00 0 .00 0 .00 0 .00 0. 00 
Phe 0 .06 0 .04 0 .06 0 .04 0 .08 b. 06 
H e 0 . 12 0 . 12 0 .09 0 .06 0 .09 0. 09 
Leu 0 . 10 0 . 10 0 .07 0 .07 0 .07 0 10 
Orn 0 . 50 0 . 13 0 .20 0 . 17 0 . 13 0 36 
L y s 0 . 18 0 .04 0 .07 0 .04 0 .00 0 11 
T o t a l 3 .73 2 .44 2 .36 2 . 54 1 .86 3 61 
A.6 
E n g l i s h c h a n n e l w a t e r d a t a f o r A p r i l ( c o n t i n u e d ^ 
u n i t s : 1x10-6 moles l - i 
D a t a f o r s t a t i o n A l ( 1 9 8 2 ) . 
Date 29/4 29/4 29/4 
Depth lOM 20M 50M 
Asp 0.11 0. 14 0. 18 
G l u 0.06 0.05 0.11 
Asn 0.02 0.02 0.04 
S e r 0.40 0. 52 0.66 
H i s 0.10 0. 10 0.16 
G l y 0.27 0. 36 0.53 
T h r 0.09 0.10 0. 15 
A r g 0.00 0.00 0.02 
A l a 0.13 0. 18 0. 22 
T y r 0.45 0.47 0. 46 
Abu 0.04 0.05 0.06 
Gab 0.00 0 .00 0.00 
V a l 0.04 0.07 0.08 
Met 0.00 0.00 0.00 
T r y 0.00 0.00 0.00 
Phe 0.04 0.04 0.05 
H e 0. 10 0.07 0.14 
Leu 0.03 0.02 0.07 
Orn 0.12 0.16 0.26 
L y s 0.02 0.03 0.08 
T o t a l 2.02 2.38 3. 27 
E n g l i s h c h a n n e l w a t e r d a t a f o r A p r i l ( c o n t i n u e d K 
u n i t s : 1x10-6 moles 1*1 
s u r f a c e w a t e r f o r h y d r o l y s i s e x p e r i m e n t s 1983 
D a t e 8/4 8/4 15/4 15/4 20/4 20/4 27/4 27/4 
Asp 0 .08 0. 18 0. 05 0 .06 0 .04 0 . 13 0 . 14 0 . 36 
G l u 0 .04 0. 06 0. 03 0 .03 0 .01 0 .05 0 .07 0 . 11 
Asn 0 .00 0. 00 0. 00 0 .00 0 .00 0 .00 0 .00 0 .05 
S e r 0 . 16 0. 31 0. 09 0 .11 0 .06 0 .20 0 . 26 0 . 38 
H i s 0 .00 0. 00 0. 00 0 .00 0 .00 0 .07 0 . 17 0 . 26 
G l y 0 . 18 0. 23 0. 03 0 .06 0 .04 0 . 17 0 . 20 0 .43 
T h r 0 .09 0. 08 0. 00 0 .03 0 .02 0 . 10 0 .00 0 . 24 
A r g 0 .00 0. 00 0. 01 0 .00 0 .00 0 .00 0 .00 0 .00 
A l a 0 . 12 0. 17 0. 04 0 .07 0 .05 0 . 15 0 . 18 0 . 36 
T y r 0 .24 0. 26 0. 38 0 .41 0 . 45 0 .49 0 .70 0 .72 
Abu 0 .03 0. 06 0. 01 0 .03 0 .01 0 .04 0 .05 0 .09 
Gab 0 .00 0. 00 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 
V a l 0 .09 0. 16 0. 07 0 .00 0 .03 0 .07 0 . 11 0 . 20 
Met 0 .00 0. 00 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 
T r y 0 .00 0. 00 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 
Phe 0 .00 0. 23 0. 12 0 .00 0 .05 0 .05 0 . 16 0 .20 
H e 0 .00 0. 13 0. 05 0 . 13 0 .04 0 .05 0 .06 0 .08 
Leu 0 .07 0. 15 0. 12 0 .04 0 . 19 0 . 13 0 . 14 0 . 14 
Orn 0 . 14 0. 21 0. 27 0 . 15 0 . 16 0 . 15 0 . 12 0 . 23 
L y s 0 .00 0. 00 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 
T o t a l 1 .24 2. 23 1. 27 1 . 12 1 . 15 1 .85 2 . 36 3 .85 
A.7 
E n g l i s h c h a n n e l w a t e r d a t a f o r A p r i l ( c o n t i n u e d ^ 
Depth P r o f i l e S t a t i o n FA 00-04-82 
u n i t s : 1x10- 6 moles 1*1 
Depth 0 5 10 20 35 50 
m e t r e s 
Asp 0.08 0.03 0.04 
G l u 0.04 0.02 0.03 
Asn 0.00 0.00 0.00 S e r 0.17 0.05 0.09 
H i s 0.08 0.00 0.00 
G l y 0. 17 0.05 0.07 
T h r 0.00 0.00 0.00 
Arg 0.00 0.00 0.00 
A l a 0. 10 0.02 0.05 
T y r 0.92 0.84 0.81 
Abu 0.02 0.00 0.02 
Gab 0.05 0.03 0.05 
V a l 0. 10 0.02 0.00 
Met 0.00 0.00 0.00 
T r y 0.00 0.00 0.00 
Phe 0.04 0.00 0.00 
H e 0.08 0.03 0.05 
Leu 0.00 0.00 0.00 
Orn 0.06 0.08 0. 10 
L y s 0.04 0.04 0.04 





Sample (1 2 3 4 5) 
Depth 
samples 1- 5 ( s u r f a c e w a t e r ) 0 • 0 0 0 0 
Asp 0 .21 0 .36 0 . 10 0 .20 0 .11 G l u 0 . 10 0 , 13 0 .03 0 .10 0 .04 Asn 0 .05 0 .08 0 .03 0 .04 0 .00 S e r 0 . 58 1 .01 0 .29 0 .56 0 ,27 H i s 0 . 15 0 . 16 0 . 10 0 .09 0 .03 G l y 0 . 50 0 .83 0 .30 0 .47 0 .24 Thr 0 , 12 0 .27 0 .07 0 . 12 0 .00 Arg 0 .02 0 .01 0 .00 0 .01 0 .00 A l a 0 .23 0 .39 0 . 12 0 .22 0 . 10 T y r 0 .74 0 .72 0 .78 0 .71 0 .76 Abu 0 08 0 15 0 03 0 09 0 04 Gab 0 00 0 00 0 .00 0 00 0 00 V a l 0 13 0 21 0 07 0 14 0 06 Met 0 00 0 00 0 00 6 00 0 00 T r y 0 00 0 00 0 02 0 00 0 00 Phe 0 07 0 19 0 04 0 06 0 04 H e 0. 05 0. 10 0 04 0. 05 0. 03 Leu 0. 08 0. 17 0 04 0, 08 0. 03 Orn 0. 32 0. 56 0. 25 0. 31 0. 16 Lys 0. 13 0. 37 0. 18 0. 16 0. 06 
T o t a l 3. 56 5. 71 2. 49 3. 41 1. 97 
E n g l i s h c h a n n e l w a t e r 18/04/84 
u n i t s : 1x10*6 moles l - i 
(10 11 12 
samples 6-1 9) 
0 5 10 20 35 50 70 
0 . 13 0 . 29 0 .07 0 .13 0 . 13 1 . 19 0 . 19 0 .04 0 . 11 0 .03 0 .07 0 .05 0 . 17 0 .05 0 .03 0 .07 0 .01 0 .03 0 .03 0 .22 0 .04 0 .33 0 .77 0 .18 0 .36 0 .34 3 .01 0 .47 0 . 10 0 . 18 0 .02 0 .04 0 12 0 .51 0 .07 0 .25 0 .65 0 .13 0 .29 0 .22 2 .25 0 .35 0 11 0 .21 0 05 0 09 0 06 0 78 0 .11 0 04 0 .03 0 .03 0 00 0 00 0 12 0 .00 0 13 0 29 0 09 0 18 0 13 1 08 0 20 0 80 0 80 0 72 0 81 0 77 0 83 0 84 0 04 0 12 0 02 0 07 0. 04 0 42 0 06 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0. 08 0 21 0 05 0. 09 0. 09 0. 57 0 11 0. 00 0 00 0 00 0. 00 0. 00 0. 00 0 00 0. 00 0. 02 0. 01 0. 00 0. 00 0. 09 0. 00 0. 00 0. 12 0. 03 0. 04 0. 06 0. 38 0. 04 0. 02 0. 09 0. 00 0. 02 0. 03 0. 24 0. 04 0. 04 0. 09 0. 03 0. 00 0. 03 0. 30 0. 07 0. 25 0. 32 0. 12 0. 22 0. 49 1. 03 0. 30 0. 15 0. 15 0. 22 0. 15 0. 23 0. 22 0. 12 
2. 54 4. 52 1. 81 2. 59 2. 82 13. 41 3. 06 
E n g l i s h channel water data f o r Mav (19831 
u n i t s : 1x10-6 moles l - i 
S t a t i o n Al Al Al Al Al Al E l E l Date 5/5 5/5 5/5 11/5 11/5 11/5 13/5 13/5 Depth OM lOM 50M OM lOM 50M OM 50M Asp 0 . 11 0 . 16 0 . 18 0.51 0 .45 0 .34 0.06 0 .04 Glu 0 .05 0 .06 0 .07 0.27 0 . 20 0 .20 0.09 0 .05 Asn 0 .00 0 .03 0 .04 0. 12 0 . 10 0 .08 0.00 0 .00 Ser 0 . 32 0 . 54 0 .48 1. 15 0 . 95 0 .76 0. 12 0 .00 His 0 .08 0 .07 0 . 13 0.35 0 .27 0 . 31 0.00 0 .00 Gly 0 . 35 0 . 47 0 . 37 0.88 0 .71 0 . 55 0 .07 0 .00 Thr 0 .03 0 .09 0 . 10 0.41 0 .37 0 .29 0.00 0 .00 Arg 0 .00 0 .00 0 .00 0.02 0 .06 0 .05 0.00 0 .00 Ala 0 .12 0 . 19 0 .17 0.68 0 . 57 0 . 46 0.05 0 .00 Tyr 0 .83 0 .61 0 .58 0.07 0 .09 0 . 11 0.15 0 . 17 
Abu 0 .03 0 .05 0 .05 0. 20 0 .16 0 . 14 0.02 0 .05 Gab 0 .00 0 .00 0 .00 0.00 0 .00 0 .00 0.00 0 .00 Val 0 .04 0 .07 0 .07 0. 32 0 .25 0 .23 0.00 0 .00 
Met 0 .00 0 .00 0 .00 0.00 0 .00 0 .00 0.00 0 .00 
Try 0 .00 0 .00 0 .00 0.00 0 .00 0 .00 0.00 0 .00 
Phe 0 .03 0 .04 0 .00 0.05 0 . 34 0 . 24 0.00 0 .00 
H e 0 . 19 0 . 19 0 .18 0. 26 0 .28 0 . 18 0.05 0 .00 
Leu 0 .00 0 .07 0 .08 0.25 0 . 18 0 . 15 0.22 0 . 11 
Orn 0 . 14 0 .22 0 .29 0. 36 0 .21 0 .23 0.00 0 .00 Lys 0 .00 0 .05 0 . 12 0. 33 0 .40 0 . 19 0.00 0 .00 
T o t a l 2 .12 2 .91 2 .91 6.23 5 .59 4 . 51 0.83 0 . 42 
A. 10 
English channel water data f o r Mav (continued^ 
u n i t s : 1x10-6 moles 1-i 
S t a t i o n Al 19/5/82 su r f a c e water f o r 
OM lOM 50M h y d r o l y s i s experiments 1983 
Asp 0 . 10 
3/5 3/5 11/5 11/5 26/5 26/5. 
0 . 12 0 . 13 0 . 12 0.30 0 21 0.03 0 . 14 0 .39 Glu 0 . 15 0 . 16 0 . 17 0 .07 0.22 0 08 0.00 0 .05 0 .15 Asn 0 .00 0 .02 0 .03 0 .00 0.00 0 00 0.00 0 .03 0 .06 Ser 0 . 36 0 .39 0 .38 0 .22 0.46 0 40 0.05 0 .23 0 .63 His 0 . 10 0 . 13 0 . 14 0 .04 0.27 0 24 0.00 0 . 11 0 . 14 Gly 0 .21 0 .34 0 .23 0 .23 0.43 0 20 0.01 0 .24 0 .56 Thr 0 .07 0 . 10 0 .09 0 .07 0.24 0. 00 0.00 0 .09 0 .31 Arg 0 .01 0 .01 0 .01 0 .00 0.00 0. 00 0.00 0 .00 0 .08 Ala 0 .15 0 .29 0 . 19 0 . 15 0.34 0. 22 0.03 0 15 0 .39 Tyr 0 .29 0 .26 0 .36 0 .06 0.02 0. 39 0.41 0 .31 0 .38 Abu 0 .06 0 .05 0 .05 0 .05 0.10 0. 06 0.00 0 05 0 11 Gab 0 .00 0 .03 0 .01 0 .00 0.00 0. 00 0.00 0 00 0 .00 Val 0 .08 0 .07 0 .08 0 08 0.28 0. 14 0,00 0 06 0 24 Met 0 .00 0 .00 0 .02 0 .00 0.00 0. 00 0.00 0 00 0 00 Try 0 .00 0 00 0 .01 0 00 0.00 0. 00 0.00 0 06 0 26 Phe 0 .02 0 .00 0 .02 0 12 0.21 0. 14 0.00 0 10 0 25 H e 0 .05 0 08 0 06 0 09 0.09 0. 05 0.00 0 00 0 00 Leu 0 .13 0 15 0 14 0 17 0.19 0. 11 0.00 0 15 0 22 Orn 0 02 0 02 0 02 0 13 0.26 0. 16 0.09 0. 14 0 35 Lys 0 00 0 00 0 00 0 05 0.08 0. 00 0.00 0 00 0 11 
T o t a l 1 80 2 22 2 14 1 65 3.49 2. 40 0.62 1. 91 4. 63 
E n g l i s h channel water Depth P r o f i l e 
S t a t i o n E l 19-05-63 
u n i t s : 1x10*6 moles l - i 
Depth 0 5 10 20 35 50 70 
metres 
Asp 0 .25 0. 15 0 .38 0. 16 0 .09 0. 14 0. 12 Glu 0 .08 0. 08 0 . 11 0. 06 0 .05 0. 06 0. 04 Asn 0 .02 0. 02 0 .05 0. 00 0 .02 0. 00 0. 03 Ser 0 .41 0. 30 0 .64 0. 30 0 . 17 0. 27 0. 25 His 0 . 10 0. 10 0 .25 0. 14 0 .06 0. 04 0. 06 Gly 0 . 37 0. 27 0 .62 0. 28 0 . 15 0. 25 0. 24 
Thr 0 . 16 0. 12 0 .33 0. 14 0 .07 0. 11 0. 17 Arg 0 .00 0. 00 0 .00 0. 00 0 .00 0 . 02 0. 00 Al a 0 . 25 0. 17 0 .37 0. 17 0 . 10 0. 18 0. 12 Tyr 0 . 10 0. 09 0 .11 0. 10 0 .09 0. 13 0. 11 Abu 0 .09 0. 06 0 . 13 0. 07 0 .04 0. 00 0. 00 Gab 0 .00 - 0. 00 0 .00 0. 00 0 .00 0. 13 0. 06 
Val 0 . 17 0. 12 0 .26 0. 12 0 .08 0. 10 0. 06 Met 0 .00 0. 00 0 .00 0. 00 0 .00 0. 00 0. 00 Try 0 .00 0. 00 0 .00 0. 00 0 .00 0. 00 0. 00 Phe 0 . 14 0. 06 0 . 32 0. 19 0 . 13 0- 15 0. 12 
H e 0 .08' 0. 05 0 .16 0. 15 0 .08 0. 09 0. 00 
Leu 0 . 11 0. 07 0 .25 0. 14 0 .09 0 . 14 0. 09 
Orn 0 .29 0. 20 0 .36 0. 26 0 . 13 0. 40 0. 11 
Lys 0 . 14 0. 08 0 . 11 0. 05 0 .00 0. 00 0. 00 
T o t a l 2 .76 1. 94 4 .45 2. 33 1 .35 2. 21 1. 58 
E n g l i s h channel water 
Depth P r o f i l e S t a t i o n E l 18-05 
u n i t s : 1x10-6 moles l - i 
84 
Depth 0 5 10 20 35 50 70 
metres 
Asp 0 .22 0 .11 0. 13 0 .04 0 . 15 0. 34 0. 09 Glu 0 .07 0 .05 0. 05 0 .03 0 .06 0. 12 0. 05 Asn 0 .00 0 .00 0. 00 0 .00 0 .00 0. 03 0. 00 
Ser 0 .44 0 .20 0. 38 0 .09 0 .34 0. 77 0. 21 
His 0 .02 0 .05 0. 06 0 .00 0 .05 0. 18 0. 02 
Gly 0 .43 0 .24 0. 33 0 .09 0 .34 0. 76 0. 08 
Thr 0 .05 0 .00 0. 00 0 .00 0 .02 0. 18 0- 00 
Arg 0 .02 0 .00 0. 00 0 .01 0 .00 0. 05 0. 00 
Ala 0 .22 0 . 10 0. 14 0 .03 0 . 14 0. 40 0. 09 
Tyr 0 .26 0 . 20 0. 19 0 . 19 0 .20 0. 31 . 0 . 22 
Abu 0 . 10 0 .02 0. 07 0 .04 0 .04 0. 17 0. 05 
Gab 0 .00 0 .00 0. 00 0 .00 0 .00 0. 00 0. 00 
Val 0 .07 0 .03 0. 06 0 .00 0 .08 0. 19 0. 04 
Met 0 .00 0 .00 0. 00 0 .00 0 .00 0. 00 0. 00 
Try 0 .01 0 .00 0. 01 0 .00 0 .03 0. 04 0 . 00 
Phe 0 .06 0 .03 0. 04 0 .00 0 .05 0. 13 0. 02 
H e 0 .09 0 .01 0. 02 0 .00 0 .01 0. 03 0. 01 
Leu 0 .22 0 .08 0. 09 0 .05 0 .09 0. 21 0. 10 Orn 1 .02 0 . 13 0. 24 0 .41 0 . 11 0 . 47 0. 19 
Lys 0 .99 0 . 13 0. 10 0 .42 0 00 0. 17 0. 07 
T o t a l 4 .29 1 .38 1. 91 1 . 40 1 71 4. 55 1 -24 
A. 12 
E n g l i s h channel water data f o r June. 
u n i t s : 1x10-6 moles l - i 
14/06/83 20/06/83 
1 2 1 2 3 4 
Asp 0 .13 0. 02 0 . 10 0. 17 0. 24 0 .09 
Glu 0 .05 0. 00 0 .11 0. 16 0. 12 0 .06 Asn 0 .00 0. 00 0 .00 0. 00 0. 00 0 .00 Ser 0 . 26 0. 04 0 . 14 0. 28 0. 44 0 . 18 
His 0 .09 0. 03 0 . 13 0. 27 0. 20 0 .11 Gly 0 .24 0. 06 0 . 21 0. 74 0. 17 0 . 22 
Thr 0 . 12 0. 00 0 .03 0. 12 0. 21 0 .05 
Arg 0 .00 0. 00 0 .05 0. 22 0. 04 0 .04 
A l a 0 . 13 0. 02 0 . 12 0. 29 0. 29 0 . 13 
t y r 0 .00 0. 02 0 . 10 0. 64 0. 11 0 .06 
Abu 0 .04 0. 00 0 .09 0. 11 0. 11 0 .04 Gab 0 .00 0. 00 0 .00 0. 00 0. 00 0 .00 
Val 0 .08 0. 00 0 .09 0. 20 0. 22 0 .08 
Met 0 .00 0. 00 0 .00 0. 04 0. 03 0 .00 
Try 0 .00 0. 00 0 .00 0. 00 0. 00 0 .00 
Phe 0 . 16 0. 00 0 . 12 0. 23 0. 18 0 .11 
H e 0 .11 0. 00 0 .07 0. 14 0. 11 0 .06 
Leu 0 .06 0. 03 0 .06 0. 18 0. 19 0 .06 
Orn 0 .19 0. 16 0 .06 0. 22 0. 22 0 . 15 
Lys 0 . 12 0. 00 0 .00 0. 12 0. 14 0 . 12 
T o t a l 1 .78 0. 38 1 .48 4. 13 3. 02 1 . 56 
A. 13 
E n g l i s h channel water i n Lvme bav 
su r f a c e samples 12-07-83 
u n i t s : IxlO-s moles l - i 
> 
S t a t i o n 
No. 1 2 3 4 5 6 7 8 10 11 12 Asp 0 .04 0 . 10 0 .29 0 .07 0 .05 0 06 0 ,04 0 .07 0 .03 0 .08 0 .03 Glu 0 .03 0 .06 0 .48 0 .06 0 .05 0 06 0 .03 0 .06 0 .03 0 .04 0 .03 Asn 0 .00 0 .03 0 .00 0 .00 0 .00 0 00 0 .00 0 .02 0 .00 0 .00 0 .00 Ser 0 .06 0 .19 0 .51 0 .12 0 .04 0 12 0 .08 0 .13 0 .04 0 .13 0 .06 His 0 03 0 .06 0 .11 0 .00 0 .00 0 06 0 .00 0 .00 0 .00 0 .03 0 .00 Gly 0 .05 0 .16 0 .30 0 .12 0 .02 0 16 0 .11 0 .12 0 .02 0 .09 0 .00 Thr 0 00 0 . 11 0 .22 0 04 0 .00 0. 00 0 04 0 .00 0 .00 0 .04 0 .00 Arg 0 .00 0 .00 0 .00 0 .00 0 .00 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 Ala 0 04 0 . 12 0 .28 0 01 0 .03 0. 07 0 05 0 .08 0 .02 0 .07 0 .03 Tyr 0 08 0 .09 0 .08 0 09 0 .09 0. 09 0 05 0 .10 0 .13 0 . 10 0 .10 Abu 0 02 0 .06 0 . 10 0 03 0 .00 0. 02 0 02 0 .02 0 .00 0 .02 0 .00 Gab 0 00 0 .00 0 .00 0 00 0 .00 0. 00 0 00 0 .00 0 .00 0 .00 0 .00 Val 0 04 0 06 0 16 0 06 0 .00 0. 03 0 03 0 .01 0 .00 0 .07 0 .00 Met 0 00 0 .00 0 .00 0 00 0 .00 0. 00 0 00 0 .00 0 .00 0 .00 0 .00 Try 0 00 0 00 0 02 0 02 0 00 0. 00 0 00 0 .00 0 .00 0 .00 0 .00 Phe 0 02 0 08 0 12 0 00 0 .03 0. 00 0 00 0 .00 0 .00 0 .00 0 .00 H e 0. 00 0 01 0 08 0. 00 0 00 0. 05 0 00 0 00 0 .02 0 .04 0 00 Leu 0 04 0 06 0 01 0. 05 0 00 0. 09 0. 06 0 07 0 .01 0 .00 0 00 Orn 0. 10 0 17 0 34 0. 11 0 13 0. 22 0. 11 0 33 0 15 0 26 0 20 Lys 0. 00 0 09 0 31 0. 00 0 00 0. 21 0. 09 0 00 0 00 0 00 0 00 
To t a l 0. 55 1 45 3 41. 0. 78 0 44 1. 24 0. 76 1 01 0 45 0 97 0 45 
g n g l i s h channel water 
Depth P r o f i l e S t a t i o n E l 21-Q7-fi.-^ 
u n i t s : 1x10-6 moles l - i 
> 
C71 
Depth 0 5 10 metres 
Asp 0 .03 0 . 14 0 .23 Glu 0 .05 0 . 10 0 . 10 Asn 0 .00 0 .00 0 .00 Ser 0 .07 0 .26 0 .45 His 0 .05 0 .12 0 . 18 Gly 0 .07 0 .10 0 .29 Thr 0 .00 0 . 12 0 . 17 Arg 0 00 0 .03 0 .00 Ala 0 .05 0 . 16 0 .23 Tyr 0 32 0 38 0 30 Abu 0 03 0 05 0 09 Gab 0 00 0 00 0 00 Val 0 02 0 11 0 17 Met 0 00 0 00 0 00 Try 0 00 0 00 0 02 Phe 0. 00 0. 08 0. 16 H e 0. 00 0. 00 0. 00 Leu 0. 00 0. 06 0. 19 Orn 0. 11 0. 23 0. 29 
Lys 0. 00 0. 10 0. 19 
Total 0. 80 2. 04 3. 06 
Thermocline 20 35 50 70 
0 .07 0 .22 0 .05 0 .23 
0 .08 0 .09 0 .03 0 .11 0 .00 0 .06 0 .00 0 .04 0 . 12 0 .38 0 . 10 0 .42 0 .00 0 . 14 0 .03 0 .11 0 .04 0 .31 0 .06 0 .33 0 .02 0 .04 0 .04 0 .09 0 .00 0 .00 0 .00 0 .00 0 .07 0 .22 0 .07 0 .24 0 28 0 .28 0 .27 0 .28 
0 03 0 .09 0 .02 0 .09 0 00 0 00 0 00 0 00 
0 04 0 15 0 04 0 19 
0 00 0 00 0 00 0 00 
0 00 0 00 0 00 0 02 
0. 00 0. 16 0 00 0 13 0. 00 0 10 0 00 0 09 
0. 05 0. 19 0. 03 0. 17 
0. 18 0. 22 0. 12 0. 26 
0. 10 0. 08 0. 00 0. 07 
1. 08 2. 73 0. 86 2. 87 
E n g l i s h channel water data f o r August 
u n i t s : 1x10-^ moles l - i 
S u r f a c e samples 9/8/83 
Asp 0 03 0. 18 0. 07 0 .06 0 06 0 07 0 .15 0. 03 
Glu 0 .03 0. 15 0. 08 0 .06 0 .01 0 .03 0 .08 0. 02 
Asn 0 00 0. 07 0. 06 0 .00 0 .02 0 02 0 .04 0. 04 
Ser 0 .08 0. 34 0. 14 0 .11 0 .11 0 .11 0 . 31 0. 08 
His 0 .00 0. 08 0. 00 0 .00 0 .03 0 .06 0 .08 0. 01 
Gly 0 .09 0. 16 0. 17 0 . 13 0 .09 0 .03 0 .29 0. 07 
Thr 0 .00 0. 14 0. 00 0 .00 0 .01 0 .01 0 . 12 0. 02 
Arg 0 .00 0. 02 0. 00 0 .00 0 .02 0 .03 0 .02 0. 00 
A l a 0 .06 0 . 24 0. 10 0 .09 0 .07 0 .09 0 . 22 0. 05 
Tyr 0 . 17 0. 22 0. 20 0 .26 0 .23 0 . 18 0 .21 0. 19 
Abu 0 .02 0. 06 0. 03 0 .04 0 .03 0 .02 0 .06 0. 02 
Gab 0 .00 0. 04 0. 00 0 .00 0 .00 0 .00 0 .02 0 . 00 
Val 0 .00 0. 16 0. 08 0 .07 0 .06 0 .04 0 . 14 0. 04 
Met 0 .00 0. 00 0. 00 0 .00 0 .00 0 .00 0 .00 0. 01 
Try 0 .00 0. 02 0. 00 0 .00 0 .00 0 .00 0 .00 0. 00 
Phe 0 .00 0. 18 0. 00 0 .00 0 .03 0 .04 0 .06 0 01 
H e 0 .00 0. 10 0. 00 0 .00 0 . 10 0 .01 0 . 10 0. 04 
Leu 0 .00 0. 29 0. 17 0 . 18 0 . 18 0 .05 0 .21 0 16 
Orn 0 . 15 0. 31 0. 19 0 . 15 0 . 18 0 . 12 0 .28 0 14 
Lys 0 .00 0. 16 0 14 0 .00 0 . 13 0 .05 0 . 15 0 00 
T o t a l 0 .63 2. 92 1 43 1 . 15 1 . 30 0 .96 2 .54 0 93 
A. 16 
E n g l i s h channel water 
Depth P r o f i l e S t a t i o n E l 25-08-82 
u n i t s : 1x10-6 moles l - i 
Depth 0 5 10 Thermocline 20 35 50 70 
metres 
Asp 0 .11 0.07 0.11 0.06 0.14 0.05 0.15 
Glu 0 .07 0.04 0.06 0.00 0.04 0.03 0.06 
Asn 0 .00 0.00 0.04 0.00 0.00 0.00 0.03 
Ser 0 .26 0. 14 0.25 0.17 0.26 0.11 0.28 
His 0 .09 0.00 0.13 0.00 0. 11 0.00 0.06 
Gly 0 .23 0.17 0.28 0.00 0.24 0.09 0.23 
Thr 0 .04 0.00 0.01 0.00 0.08 0.00 0.05 
Arg 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 
Ala 0 . 12 0.07 0.12 0.07 0.12 0.06 0.12 
Tyr 0 .27 0.26 0.26 0.20 0.22 0.21 0.22 
Abu 0 .07 0.05 0.03 0.00 0.04 0.00 0.05 
Gab 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 
Val 0 .05 0.06 0.06 0.00 0.07 0.00 0.08 
Met 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 
Try 0 .00 0.00 0.00 0.04 0.00 0.00 0.00 
Phe 0 .02 0.00 0.00 0.10 0.06 0.14 0. 16 
H e 0 .08 0.15 0.13 0.22 0.32 0.20 0.20 
Leu 0 04 0.03 0.03 0.00 0.05 0.00 0.06 
Orn 0 .40 0.15 0.37 0.41 0.30 0.19 0.34 
Lys 0 08 0.00 0.16 0.00 0.00 0.00 0.00 
Total 1 93 1. 19 2.04 1.27 2.05 1.08 2.09 
E n g l i s h channel water data 
u n i t s : 1x10-6 moles 


































































T o t a l 3.71 2.28 
September C r u i s e 1983 ( S t a t i o n E l ^ 
u n i t s : 1x10-6 moles l - i 
Depth 0 5 10 20 35 50 70 
metres 
Asp 1 .00 0 .08 0 .07 0 .03 0 . 15 0 . 10 0 .08 
Glu 0 .71 0 .06 0 .06 0 .03 0 .07 0 .06 0 .06 
Asn 0 . 38 0 .00 0 .03 0 .00 0 . 04 0 .03 0 .00 
Ser 2 .98 0 . 22 0 .20 0 .08 0 . 50 0 . 30 0 . 21 
His 0 .73 0 .02 0 .00 0 .00 0 . 11 0 .00 0 .00 
Gly 2 .63 0 .22 0 .25 0 . 14 0 .46 0 . 28 0 . 24 
Thr 0 .68 0 .04 0 .06 0 .03 0 . 12 0 .08 0 .01 
Arg 0 . 13 0 .00 0 .02 0 .00 0 .02 0 .02 0 .02 
Ala 1 .22 0 . 10 0 .08 0 .06 0 . 17 0 . 14 0 .09 
Tyr 0 . 20 0 . 15 0 . 13 0 . 14 0 . 10 0 . 13 0 . 10 
Abu 0 .48 0 .03 0 .03 0 .04 0 .06 0 .03 0 .03 
Gab 0 .00 0 .00 0 .02 0 .00 0 .00 0 .00 0 .00 
Val 0 .72 0 .03 0 .03 0 .01 0 . 07 0 .05 0 .06 
Met 0 . 13 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 
Try 0 .09 0 .02 0 .00 0 . 00 0 .00 0 .02 0 .00 
Phe 0 . 44 0 .02 0 .03 0 .00 0 .04 0 . 10 0 .02 
H e - 0 .53 0 .00 0 .00 0 .00 0 . 11 0 . 14 0 .00 
Leu 0 .88 0 .45 0 .44 0 .20 0 . 30 0 .47 0 . 36 
Orn 1 .21 0 . 34 0 .46 0 .35 0 .31 0 .33 0 .26 
Lys 0 . 48 0 .00 0 .27 0 .00 0 . 10 0 .07 0 .00 
T o t a l 15 .62 1 . 78 2 . 18 1 . 11 2 .73 2 . 35 1 . 54 
A. 18 
September C r u i s e 1983 
(Anchor S t a t i o n Lyme Bay) 
u n i t s : 1x10-6 moles l - i 
A f t e r 12 hours 
Top Mid Bot Top Mid Bot 
Asp 0 .38 0 .07 0 . 14 0 .11 0 .24 0 .26 
Glu 0 . 12 0 .05 0 .04 0 .03 0 . 12 0 .07 
Asn 0 .07 0 .02 0 .00 0 .00 0 .07 0 .04 
Ser 1 .06 0 .22 0 . 37 0 .28 0 . 59 0 . 62 
His 0 .18 0 .00 0 .03 0 .01 0 . 13 0 . 10 
Gly 0 .93 0 . 19 0 . 35 0 .29 0 . 57 0 .57 
Thr 0 .28 0 .02 0 .07 0 .05 0 . 13 0 . 14 
Arg 0 .00 0 .00 0 .00 0 .00 0 .04 0 .00 
Ala 0 .44 0 .08 0 . 14 0 . 13 0 . 26 0 .24 
Tyr 0 . 18 0 .20 0 . 20 0 . 18 0 .21 0 . 20 
Abu 0 .15 0 .04 0 .06 0 .04 0 .08 0 . 10 
Gab 0 .00 0 .01 0 .00 0 .00 0 .00 0 .00 
Val 0 .21 0 .01 0 .05 0 .03 0 . 13 0 . 10 
Met 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 
Try 0 .05 0 .00 0 .00 0 .00 0 .03 0 .00 
Phe 0 . 14 0 .01 0 .00 0 .01 0 .05 0 .07 
H e 0 . 19 0 .01 0 .02 0 .00 0 .08 0 .09 
Leu 0 .42 0 . 16 0 . 34 0 . 31 0 . 23 0 . 32 
Orn 0 .60 0 . 15 0 .29 0 . 31 0 . 52 0 . 59 
Lys 0 .26 0 . 14 0 . 12 0 .08 0 .24 0 . 20 
T o t a l 5 .66 1 .38 2 . 22 1 .86 3 .72 3 .71 
A. 19 
September C r u i s e 19fl.'H 
u n i t s : IxlO-s moles l - i 
to o 
S t a t i o n 4 S t a t i o n 5 S t a t i o n 6 S t a t i o n 7 S t a t i o n 9 StationlO OM 44M OM 52M OM 48M OM 26M OM 48M OM 38M Asp 0 .02 0 .05 0 .10 0 .05 0 .05 0 .06 0 .04 0 .06 0 .27 0 . 11 0 24 0 .22 Glu 0 .00 0 .04 0 .05 0 .05 0 .04 0 .03 0 .02 0 .00 0 . 10 0 .07 0 12 0 . 10 Asn 0 .00 0 ,00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .05 0 .03 0 06 0 .05 Ser 0 09 0 . 15 0 .28 0 . 12 0 . 13 0 . 12 0 . 11 0 .23 0 .84 0 .32 0 69 0 .62 His 0 .00 0 .00 0 .02 0 .00 0 .00 0 .00 0 .00 0 .00 0 .10 0 .00 0 05 0 .11 Gly 0 15 0 . 17 0 . 15 0 .08 0 .11 0 .01 0 .05 0 . 13 0 .87 0 .34 0. 72 0 .51 Thr 0 01 0 .03 0 .03 0 .00 0 .00 0 .02 0 .00 0 .00 0 . 19 0 .09 0. 17 0 . 15 Arg 0 00 0 .01 0 .00 0 .00 0 .00 0 .02 0 .00 0 .00 0 .00 0 .00 0. 01 0 .00 Ala 0 05 0 .09 0 . 15 0 .09 0 .07 0 .07 0 .07 0 .06 0 .38 0 . 14 0. 30 0 .24 Tyr 0 13 0 . 17 0 . 18 0 . 18 0 . 18 0 .17 0 . 19 0 . 16 0 . 16 0 . 19 0. 17 0 . 18 Abu 0 05 0 .05 0 .03 0 .03 0 .00 0 .02 0 .04 0 .03 0 .12 0 .03 0. 11 0 .09 Gab 0 00 0 .00 0 .01 0 .02 0 .00 0 .00 0 .04 0 .00 0 00 0 .05 0. 00 0 .00 Val 0 00 0 .00 0 .02 0 .02 0 .00 0 .00 0 .00 0 .00 0 . 14 0 .02 0. 14 0 .13 Met 0 00 0 .02 0 .00 0 .02 0 .00 0 .00 0 .00 0 .00 0 03 0 .00 0. 11 0 .00 Try 0 00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 00 0 .00 0. 00 0 .00 Phe 0. 00 0 .00 0 03 0 .02 0 00 0 .00 0 02 0 .00 0 07 0 .00 0. 00 0 .05 H e 0. 00 0 .00 0 00 0 .03 0 .00 0 .00 0 .00 0 .02 0 04 0 .03 0. 14 0 .07 Leu 0. 36 0 .25 0 40 0 .33 0 33 0 .27 0 38 0 10 0 20 0 12 0. 00 0 27 Orn 0. 38 0 .24 0 27 0 .21 0 00 0 .00 0 00 0 . 18 0 30 0 .30 0. 18 0 .36 Lys 0. 00 0 00 0 00 0 05 0 00 0 00, 0 00 0 27 0 00 0 00 0. 20 0 09 
To t a l 1. 24 1 27 1 72 1 30 0 91 0 79 0 96 1 24 3 86 1 84 3. 41 3 24 
September C r u i s e 1983 
u n i t s : 1x10-6 moles 1" i 
S t a t i o n 11 S t a t i o n 12 S t a t i o n 13 
Depth OM Bottom OM Bottom OM Bottom 
Asp 0 . 16 0. 06 0 .07 0 .44 0 .07 0 .25 
Glu 0 .06 0. 04 0 .04 0 . 15 0 .06 0 .08 
Asn 0 .04 0. 03 0 .00 0 .07 0 .00 0 .07 
Ser 0 .44 0. 18 0 . 17 1 .23 0 .27 0 . 71 
His 0 .13 0. 01 0 .00 0 .26 0 .03 0 . 19 
Gly 0 . 41 0. 14 0 . 18 0 .97 0 . 33 0 . 58 
Thr 0 . 13 0. 03 0 .03 0 .28 0 .06 0 . 18 
Arg 0 .00 0. 00 0 .00 0 .03 0 .02 0 .04 
Ala 0 . 16 0. 08 0 .07 0 . 49 0 .10 0 .27 
Tyr 0 . 19 0. 18 0 . 19 0 .22 0 .00 0 .00 
Abu 0 .06 0. 02 0 .02 0 . 21 0 .03 0 . 14 
Gab 0 .00 0. 00 0 .00 0 .00 0 .03 0 .07 
Va l 0 .09 0. 01 0 .03 0 .00 0 .07 0 . 13 
Met 0 .00 0. 00 0 .00 0 .00 0 .00 0 .00 
Try 0 . 18 0. 00 0 .00 0 .22 0 .04 0 .02 
Phe 0 .07 0. 02 0 .00 0 .00 0 .11 0 . 12 
H e 0 .00 0. 00 0 .01 0 .24 0 .05 0 . 11 
Leu 0 .01 0. 24 0 . 12 0 .00 0 . 15 0 . 17 
Orn 0 .56 0. 15 0 .22 0 . 56 0 .06 0 .04 
Lys 0 .00 0. 10 0 .05 0 .22 0 .06 0 .01 
T o t a l 2 .69 1. 29 1 . 20 5 .59 1 . 54 3 . 18 
E n g l i s h channel water data f o r October 
u n i t s : 1x10-6 moles l - i 
S t a t i o n L4 1982 
Date 11/10 
Asp 0. 18 
Glu 0. 11 
Asn 0. 03 
Ser 0. 32 
His 0. 18 
Gly 0. 35 
Thr 0. 12 
Arg 0. 06 
Al a 0. 20 
Tyr 0. 18 
Abu 0. 09 
Gab 0. 00 
Val 0. 12 
Met 0. 00 
Try 0. 00 
Phe 0. 09 
H e 0. 12 
Leu 0. 09 
Orn 0. 25 
Lys 0. 00 
T o t a l 2. 49 
A. 21 
Qctob^y qruJi,se X ^ ^ l 
u n i t s : IxlO-e moles l - i 
to to 
S t a t i o n 2 2 2 7 7 7 10 10 10 12 12 12 Depth 0 10 50 0 10 50 0 10 50 0 10 50 metres 
Asp 0 .30 0 .33 0 . 12 0 16 0 .06 0 .06 0 .05 0 .17 0 .11 0 .08 0 .07 0 .01 Glu 0 .08 0 . 10 0 .04 0 08 0 .04 0 .04 0 04 0 .18 0 .09 0 .04 0 .04 0 .00 Asn 0 .07 0 .09 0 .03 0 05 0 .00 0 .00 0 .00 0 .05 0 .00 0 .00 0 .00 0 .00 Ser 0 .51 0 .60 0 .22 0 23 0 .09 0 .09 0 07 0 .21 0 . 13 0 . 10 0 .09 0 .02 His 0 .20 0 .23 0 . 13 0 12 0 .03 0 .05 0 04 0 . 16 0 . 12 0 .07 0 .07 0 .00 Gly 0 .51 0 57 0 21 0 23 0 . 10 0 10 0 06 0 .20 0 . 14 0 .08 0 .08 0 .02 Thr 0 .23 0 28 0 11 0 14 0 .05 0 05 0 08 0 .29 0 .65 0 .13 0 .10 0 .00 Arg 0 00 0 00 0 00 0. 00 0 .00 0 00 0 00 0 .00 0 .23 0 .00 0 .00 0 .00 Ala 0 .34 0 38 0 14 0 17 0 .06 0 07 0 17 0 .54 0 . 13 0 .26 0 .24 0 .09 Tyr 0 17 0 17 0 14 0. 13 0 . 13 0 14 0 09 0 . 10 0 . 15 0 . 10 0 .10 0 .08 Abu 0 11 0 13 0 05 0. 07 0 .04 0 04 0 03 0 .12 0 .08 0 .04 0 .04 0 .00 Gab 0 13 0 18 0 08 0. 12 0 15 0 74 0 07 0 .08 0 .10 0 05 0 06 0 00 Val 0 15 0 18 0 07 0. 10 0 04 0 04 0 05 0 . 12 0 .08 0 .05 0 .05 0 00 Met 0 00 0 00 0 00 0. 00 0 00 0 00 0. 00 0 00 0 00 0 00 0 00 0 00 Phe 0 60 0 60 0 44 0. 26 0 12 0 12 0. 39 0 47 0 47 0 30 0 32 0 16 H e 0 14 0. 15 0. 08 0. 14 0 12 0. 12 0. 16 0 23 0 22 0 16 0 15 0 16 Leu 0 39 0. 18 0. 08 0. 16 0 16 0. 15 0. 15 0 30 0 26 0 21 0 20 0 16 Orn 0 44 0. 55 0, 21 0. 16 0 16 0. 10 0. 06 0 16 0 11 0 08 0 06 0 00 Lys 0 16 0. 00 0. 00 0. 00 0 00 0. 00 0. 00 0 10 0 06 0 03 0 00 0 00 
To t a l 4. 53 4 . 72 2. 15 2. 32 1. 35 1. 91 1. 51 3 48 3 13 1 78 1. 67 0. 70 
OctQb^r cr u i s e 1981 
u n i t s : 1x10-6 moles l - i 
to 
CO 
S t a t i o n 14 14 14 16 16 16 22 22 22 
Depth 0 10 50 0 10 50 0 10 50 
metres 
Asp 0. 07 0 .06 0. 14 0 .00 0. 11 0. 10 0 .04 0. 26 0 . 16 
Glu 0. 05 0 .04 0. 10 0 .00 0. 07 0. 17 0 .00 0. 12 0 .11 
Asn 0. 00 0 .00 0. 00 0 .00 0. 00 0. 00 0 .00 0. 00 0 .00 
Ser 0. 10 0 .09 0. 19 0 .01 0. 14 0. 14 0 .06 0. 35 0 .22 
His 0. 04 0 .06 0. 13 0 .00 0. 10 0. 10 0 .07 0. 21 0 . 18 
Gly 0. 10 0 .08 0. 19 0 .01 0. 13 0. 13 0 .07 0. 38 0 .24 
Thr 0. 13 0 .12 0. 26 0 .00 0. 20 0. 17 0 .04 0. 31 0 .20 
Arg 0. 00 0 .00 0. 00 0 .00 0. 15 0. 09 0 .00 0. 00 0 .00 
Ala 0. 23 0 .22 0. 53 0 .11 0. 38 0. 37 0 .12 0. 69 0 .46 
Tyr 0. 11 0 . 10 0. 12 0 .00 0. 12 0. 14 0 . 12 0. 14 0 . 18 
Abu 0. 06 0 .04 0. 08 0 .00 0. 07 0. 06 0 .04 0. 14 0 .09 
Gab 0. 12 0 .00 0. 09 0 . 14 0. 00 0. 07 0 .00 0. 00 0 . 14 
Val 0. 06 0 .05 0. 11 0 .00 0. 07 0. 07 0 .04 0. 17 0 .12 
Met 0. 00 0 .00 0. 00 0 .00 0. 00 0. 00 0 .00 0. 00 0 .00 
Phe 0. 32 0 .20 0. 20 0 .06 0. 18 0. 22 0 .08 0. 20 0 .13 
H e 0. 13 0 .09 0. 11 0 .06 0. 09 0. 09 0 .08 0. 10 0 .07 
Leu 0. 22 0 .09 0. 16 0 .06 0. 11 0. 14 0 .08 0. 17 0 . 12 
Orn 0. 09 0 .07 0. 13 0 .00 0. 13 0. 09 0 .08 0. 26 0 . 17 
Lys 0. 00 0 .03 0. 06 0 .00 0. 08 0. 03 0 .00 0. 10 0 .07 
To t a l 1. 83 1 .34 2. 60 0 .45 2. 13 2. 18 0 .92 3, 60 2 66 
E n g l i s h channel water data f o r November 
u n i t s : 1x10-6 moles l - i 
S t a t i o n L4 1982 
3/11 10/11 
Asp 0. 11 0 . 10 
Glu 0. 07 0 .07 
Asn 0. 03 0 .00 
Ser 0. 24 0 .22 
His 0. 09 0 . 25 
Gly 0. 29 0 .26 
Thr 0. 11 0 . 10 
Arg 0. 00 0 .02 
A l a 0. 12 0 . 13 
Tyr 0. 02 0 . 16 
Abu 0. 05 0 .07 
Gab 0. 00 0 .00 
Val 0. 09 0 . 11 
Met 0. 01 0 .00 
Try 0. 03 0 .00 
Phe 0. 06 0 .06 
H e 0. 08 0 .08 
Leu 0. 07 0 .06 
Orn 0. 29 0 . 20 
Lys 0. 29 0 .07 

























E n g l i s h channel w a t e r 
D^pth P r p f l l Q S t a t i o n E l 01-11-8.-^ 












































20 35 50 
0 .45 0 .25 
0 . 17 0 .09 
0 .09 0 .05 
1 .11 0 .61 
0 .28 0 . 10 
0 .69 0 .55 
0 .31 0 . 14 
0 13 0 04 
0 45 0 25 
0 75 0 83 
0 17 0 09 
0 00 0. 00 
0 30 0. 17 
0. 00 0. 00 
0. 00 0. 00 
0. 26 0. 15 
0. 17 0. 09 
0. 20 0. 11 
0. 42 0. 23 
0. 12 0. 00 
6. 27 3. 75 
70 
EnfilAsh channel water data for December 
units: 1x10-6 moles l - i 
to 
Station L4 Surface water samples 15/12/83 2/12/82 Asp 0. 39 0 .29 0 . 17 0 .71 0 .16 0 .04 0 .42 0 .03 0 . 36 Glu 0.20 0 12 0 .07 0 . 18 0 .07 0 .03 0 .12 0 .02 0 15 Asn 0.09 0 06 0 .02 0 . 12 0 .04 0 .00 0 .08 0 .00 0 .07 Ser 0.56 0 77 0 .48 1 .82 0 .44 0 . 14 1 .35 0 .05 0 96 His 0.28 0 17 0 .12 0 .35 0 .09 0 .03 0 .28 0 .00 0 25 Gly 0.60 0 85 0 .62 1 .74 0 .49 0 12 0 93 0 .05 0 87 Thr 0.34 0 22 0 .10 0 .39 0 .13 0 01 0 .28 0 .00 0 19 Arg 0.00 0. 16 0 . 10 0 .07 0 .03 0 00 0 15 0 .01 0 19 Ala 0. 38 0 31 0 .22 0 .79 0 .18 0 05 0 41 0 .02 0 41 Tyr 0.87 0, 15 0 19 0 .22 0 .13 0 18 0 10 0 17 0 20 Abu 0.24 0. 11 0 05 0 .21 0 .06 0 02 0 18 0 .02 0. 12 Gab 0.00 0. 00 0 00 0 00 0 .00 0 00 0 00 0 00 0. 00 Val 0.27 0. 18 0 09 0 38 0 . 10 0. 02 0 22 0 00 0. 22 Met 0.00 0. 00 0 00 0 05 0 00 0. 00 0. 02 0 00 0. 00 Try 0.05 0. 00 0 03 0 00 0 00 0. 00 0. 00 0 02 0. 00 Phe 0.18 0. 15 0 14 0 34 0 09 0. 02 0. 21 0 03 0. 23 He 0.25 0. 11 0 11 0 20 0 13 0. 01 0. 11 0 00 0. 19 Leu 0.25 0, 18 0. 18 0, 34 0 22 0. 06 0. 16 0. 09 0. 30 Orn 0.42 0. 37 0. 30 0 69 0 24 0. 12 0. 48 0. 00 0. 49 Lys 0.16 0. 17 0. 07 0. 12 0 06 0. 00 0. 12 0. 21 0. 12 
Total 5.53 4. 37 3. 06 8. 72 2. 66 0. 85 5. 62 0. 72 5. 32 
English channel water 
units: 1x10- 6 moles 1-1 Depth 0 5 10 20 35 50 metres Asp 0.05 0.10 0.04 Glu 0.00 0.04 0.02 Asn 0.00 0.00 0.00 Ser 0.05 0. 13 0.07 His 0.00 0.07 0.00 Gly 0.05 0. 16 0.08 Thr 0.00 0.08 0.03 Arg 0.00 0.00 0.00 Ala 0.04 0. 10 0.05 Tyr 0.04 0.07 0.05 Abu 0.00 0.05 0.00 Gab 0.08 0.11 0.06 Val 0.00 0.06 0.03 Met 0.00 0.00 0.00 Try 0.00 0.00 0.00 Phe 0.02 0.08 0.00 He 0.02 0.07 0.00 Leu 0.01 0.04 0.03 Orn 0.03 0. 10 0.04 Lys 0.00 0.00 0.00 
Total 0.39 1.26 0.50 
70 
English channel sea water Depth P r o f i l e Station E l 06-12-83 units: 1x10-6 moles l - i 
Depth 0 10 35 50 70 metres Asp 0 .09 0 .08 0 .06 0 . 15 0 . 26 Glu 0 .05 0 .04 0 .00 0 .06 0 .09 Asn 0 .03 0 :oo 0 .00 0 .01 0 .09 Ser 0 .20 0 . 21 0 . 17 0 . 41 0 .71 His 0 .07 0 .00 0 .08 0 .07 0 .06 Gly 0 .20 0 . 19 0 . 15 0 . 38 0 . 64 
Thr 0 .02 0 .05 0 .03 0 . 11 0 .22 Arg 0 .00 0 .00 0 .02 0 .01 0 .01 
Ala 0 . 10 0 .09 0 .06 0 . 18 0 .26 Tyr 0 .06 0 .08 0 .07 0 .05 0 .07 Abu 0 .04 0 .02 0 .04 0 .06 0 . 11 Gab 0 .00 0 .00 0 .00 0 .00 0 .00 Val 0 .05 0 .05 0 .02 0 .08 0 . 18 Met 0 .00 0 .00 0 .00 0 .00 0 .00 Try 0 .00 0 .00 0 .01 0 .00 0 .00 Phe 0 .04 0 .04 0 .03 0 .05 0 . 17 H e 0 . 00 0 .00 0 .02 0 .03 0 . 12 Leu 0 .08 0 .08 0 .06 0 . 10 0 . 19 Orn 0 . 17 0 . 17 0 . 16 0 .27 0 . 41 Lys 0 00 0 .00 0 .00 0 .00 0 . 12 
Total 1 . 20 1 . 10 0 .98 2 .02 3 .71 
A. 27 
Appendix B. 
Data for the Tamar Estuarv. Sou-bhwest England. 
A l l samples were analysed i n the laboratory 
B. 1 
Tamar Axial Survey 11/01/84 
units: 1x10-6 moles l - i 
Asp 0 .07 0 .07 0 . 13 0 . 13 0 .06 0 . 19 0 .06 0 .05 0. 22 0 .09 0 .03 
Glu 0 .07 0 .07 0 .04 0 .05 0 .02 0 .06 0 .03 0 .01 0. 07 0 .03 0 .01 
Asn 0 .00 0 .00 0 .02 0 .02 0 .00 0 .00 0 .00 0 .00 0. 00 0 .02 0 .00 
Ser 0 . 10 0 .12 0 .33 0 .37 0 . 10 0 .52 0 .10 0 .08 0. 65 0 .24 0 .07 
His 0 .05 0 .00 0 .07 0 .07 0 02 0 .09 0 .00 0 .00 0. 13 0 .07 0 .00 
Gly 0 . 11 0 .13 0 .33 0 .32 0 .09 0 . 54 0 . 12 0 .09 0. 57 0 .26 0 .11 
Thr 0 .00 0 .02 0 .08 0 .08 0 00 0 . 14 0 .00 0 .00 0. 16 0 .06 0 .00 
Arg 0 .00 0 .02 0 .04 0 . 16 0 .04 0 . 19 0 .06 0 .04 0. 25 0 .09 0 .03 
Ala 0 .00 0 .06 0 . 14 0 . 16 0 .04 0 . 19 0 ,06 0 .04 0. 25 0 .09 0 .03 
Tyr 0 .09 0 .00 0 .02 0 .02 0 .00 0 .03 0 .01 0 .02 0. 04 0 .01 0 .02 
Abu 0 .00 0 .02 0 .05 0 .05 0 02 0 .07 0 .02 0 .01 0. 07 0 .02 0 .02 
Gab 0 .02 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0. 00 0 .00 0 .00 
Val 0 .04 0 .03 0 .07 0 .08 0 02 0 .09 0 .02 0 .00 0. 08 0 .04 0 .00 
Met 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0. 00 0 .00 0 .00 
Try 0 .00 0 .00 0 .03 0 .00 0 07 0 .11 0 .04 0 .01 0. 10 0 .10 0 .00 
Phe 0 .00 0 .04 0 .09 0 .10 0 .00 0 .05 0 .01 0 .02 0. 06 0 .05 0 .00 
He 0 .03 0 .00 0 .00 0 .00 0 04 0 .09 0 .00 0 .00 0. 09 0 .07 0 .00 
Leu 0 .04 0 .03 0 .08 0 .08 0 .00 0 .00 0 .01 0 .02 0. 01 0 .00 0 .00 
Orn 0 .00 0 . 14 0 . 19 0 .19 0 14 0 .38 0 .20 0 .20 0. 48 0 .23 0 . 13 
Lys 0 .00 0 .09 0 .30 0 .06 0 .00 0 . 14 0 .00 0 .00 0. 12 0 .00 0 .00 
Total 0 .62 0 .84 2 .01 1 .81 0 63 2 .72 0 .68 0 .59 3. 15 1 .38 0 .44 
S a l i n i t y 0 0 1 3 6 9 12 15 20 25 33 
Tamar Axial Survey 09-02-83 
CO 
units: 1x10 -6 moles l - i 
Asp 0. 19 0. 77 0. 24 0. 70 0. 75 0.11 0. 16 0. 56 0. 13 0. 15 0. 12 .0. 27 
Glu 0. 08 0. 24 0. 12 0. 25 0. 23 0.03 0. 07 0. 17 0. 05 0. 05 0. 05 0. 11 
Asn 0. 05 0. 19 0. 06 0. 20 0. 13 0.00 0. 00 0. 16 0. 03 0. 03 0. 07 0. 09 
Ser 0. 26 0. 98 0. 31 0. 94 0. 98 0. 16 0. 21 0. 81 0. 18 0. 20 0. 19 0. 36 
His 0. 22 0. 51 0. 20 0. 48 0. 55 0.10 0. 11 0. 52 0. 15 0. 00 0. 14 0. 20 
Gly 0. 28 0. 90 0. 28 0. 86 0. 85 0. 14 0. 22 0. 69 0. 18 0. 20 0. 20 0. 31 
Thr 0. 17 0. 58 0. 16 0. 57 0. 65 0.10 0. 13 0. 49 0. 11 0. 13 0. 10 0. 20 
Arg 0. 00 0. 08 0. 00 0. 13 0. 00 0.00 0. 00 0. 06 0. 00 0. 00 0. 04 0. 00 
Ala 0. 20 0. 71 0. 27 0. 69 0. 71 0.12 0. 16 0. 64 0. 14 0. 15 0. 14 0. 27 
Tyr 0. 10 0. 15 0. 15 0, 14 0. 13 0.10 0. 11 0. 16 0. 13 0. 12 0. 14 0. 14 
Abu 0. 07 0. 26 0. 10 0. 25 0. 29 0.04 0. 06 0. 22 0. 07 0. 05 0. 04 0. 08 
Gab 0, 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 
Val 0, 17 0. 67 0. 23 0. 66 0. 61 0.07 0. 12 0. 47 0. 14 0. 13 0. 12 0. 22 
Met 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 
Try 0. 04 0. 09 0. 05 0. 08 0. 13 0.00 0. 00 0. 06 0. 00 0. 00 0. 00 0. 00 
Phe 0. 11 0. 44 0. 16 0. 48 0. 49 0.05 0. 13 0. 32 0. 06 0. 05 0. 07 0. 16 
He 0. 10 0. 31 0. 13 0. 31 0. 31 0.05 0. 11 0. 20 0. 08 0. 03 0. 06 0. 12 
Leu 0. 17 0. 44 0. 19 0. 44 0. 40 0.09 0. 16 0. 30 0. 14 0. 10 0. 09 0. 21 
Orn 0. 25 0. 66 0. 25 0. 68 0. 64 0.18 0. 19 0. 66 0. 15 0. 15 0. 17 0. 23 
Lys 0. 15 0. 26 0. 14 0. 36 0. 31 0.09 0. 00 0. 27 0. 00 0. 00 0. 00 0. 00 
Total 2. 61 8. 24 3. 04 8. 22 8. 16 1.43 1. 94 1. 74 1. 54 6. 76 1. 74 2. 97 
Sal. 23 .0 25. 3 26 .0 25 .2 26 .0 27.2 28 .4 27 . 5 28 ,0 28.0 27 .0 2S .3 
Tamar Axial Survey 16-02-83 
units . IxlC -6 moles 1-1 Asp 0. 48 0. 27 0. 21 0. 13 0.18 0. 82 0. 20 0. 72 0. 32 0. 33 
Glu 0. 27 0. 08 0. 04 0. 05 0.07 0. 29 0. 06 0. 23 0. 10 0. 12 
Asn 0. 09 0. 06 0. 04 0. 00 0.00 0. 16 0. 05 0. 13 0. 09 0. 08 
Ser 0. 97 0. 51 0. 42 0. 24 0.34 1. 57 0. 35 1. 33 0. 56 0. 61 
His 0. 40 0. 17 0. 00 0. 15 0.13 0. 59 0. 03 0. 52 0. 19 0. 22 
Gly 1. 09 0. 52 0. 45 0. 26 0.47 1. 67 0. 29 1. 31 0. 55 0. 63 
Thr 0. 33 0. 22 0. 19 0. 11 0.14 0. 66 0. 10 0. 45 0. 23 0. 18 
Arg 0. 08 0. 00 0. 00 0. 00 0.00 0. 17 0. 00 0. 00 0. 00 0. 00 
Ala 0. 57 0. 29 0. 25 0. 14 0.22 0. 93 0. 19 0. 78 0. 32 0. 34 
Tyr 0. 21 0. 16 0. 18 0. 14 0.18 0. 24 0. 14 0. 16 0. 16 0. 19 
Abu 0. 13 0. 09 0. 08 0. 04 0.07 0. 25 0. 06 0. 20 0. 06 0. 11 
Gab 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 
Val 0. 29 0. 18 0. 13 0. 07 0.11 0. 59 0. 10 0. 48 0. 18 0. 23 
Met 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 
Try 0. 00 0. 00 0. 00 0. 00 0.00 0, 00 0. 00 0. 06 0. 00 0. 07 
Phe 0. 22 0. 18 0. 19 0. 06 0.13 0. 50 0. 11 0. 39 0. 10 0. 19 
He 0. 14 0. 13 0. 13 0. 08 0.10 0. 29 0. 11 0. 26 0. 11 0. 20 
Leu 0. 28 0. 23 0. 19 0. 14 0.18 0. 48 0. 16 0. 44 0. 20 0. 26 
Orn 0. 72 0. 34 0. 38 0. 29 0.28 1. 03 0. 29 0. 81 0. 31 0. 35 
Lys 0. 25 0. 08 0. 14 0. 00 0.00 0. 36 0. 00 0. 22 0. 00 0. 00 
Total 6. 52 3. 61 3. 02 1. 90 2.60 10. 60 2. 24 8, 49 3. 48 4. 11 
Sal. 15.0 11 .0 20 .0 22 .5 22.0 22 .8 28.0 2fi .0 28 .8 31 .4 
Tamar Survey 23-02-83 (Transects) 
units: 1x10-8 moles I ' l 
to 
N W. Corner Yond' bry point above ferry B a l l a s t pond 
E M W E M W E M w E M W 
Asp 0. 09 0. 29 0. 30 0 .56 . 0. 34 0. 41 0. 60 0. 13 0. 24 0. 54 0. 09 0. 59 
Glu 0. 03 0. 11 0. 10 0 . 16 0. 19 0. 18 0. 19 0. 06 0. 12 0. 17 0. 03 0. 20 
Asn 0. 00 0. 04 0. 04 0 .11 0. 07 0. 10 0. 10 0. 07 0. 04 0. 10 0. 00 0. 10 Ser 0. 20 0. 49 0. 57 1 .02 0. 74 0. 73 1. 05 0. 23 0. 42 1. 02 0. 17 0. 98 
His 0. 00 0. 21 0. 18 0 .34 0. 26 0. 34 0. 41 0. 00 0. 20 0. 39 0. 00 0. 35 
Gly 0. 18 0. 50 0. 59 0 .90 0. 94 0. 74 1. 02 0. 18 0. 44 1. 00 0. 15 0. 96 Thr • 0. 06 0. 19 0. 25 0 .45 0. 22 0. 32 0. 41 0. 10 0. 18 0. 43 0. 00 0. 32 
Arg 0. 00 0. 00 0. 00 0 .00 0. 09 0. 07 0. 00 0. 00 0. 00 0. 00 0. 00 0. 08 
Ala 0. 11 0. 29 0. 34 0 .56 0. 48 0. 44 0. 60 0. 14 0. 26 0. 57 0. 09 0. 58 
Tyr 0. 35 0. 43 0. 39 0 .43 0. 47 0. 41 0. 49 0. 40 0. 43 0. 48 0, 42 0. 46 
Abu 0. 02 0. 09 0. 11 0 . 14 0. 11 0. 13 0. 17 0. 03 0. 07 0. 17 0. 03 0. 13 
Gab 0. 00 0. 00 0. 00 0 .00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 
Val 0. 00 0. 22 0. 18 0 .34 0. 30 0. 30 0. 41 0. 09 0. 18 0. 36 0. 06 0. 33 
Met 0. 00 0. 00 0. 00 0 .00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 
Try 0. 00 0. 00 0. 00 0 .00 0. 07 0. 05 0. 00 0. 00 0. 00 0. 04 0. 00 0. 00 
Phe 0. 08 0. 09 0. 22 0 .35 0. 28 0. 27 0. 36 0. 08 0. 17 0. 28 0. 05 0. 28 
He 0. 00 0. 11 0. 19 0 .18 0. 22 0. 21 0. 23 0. 07 0. 13 0. 21 0. 04 0. 17 
Leu 0. 32 0. 22 0. 30 0 .33 0. 47 0. 28 0. 34 0. 11 0. 20 0. 34 0. 06 0. 32 
Orn 0. 35 0. 33 0. 36 0 .58 0. 57 0. 39 0. 68 0. 17 0. 33 0. 54 0. 17 0. 55 
Lys 0. 00 0. 00 0. 11 0 . 17 0. 13 0. 21 0. 16 0. 00 0. 00 0. 17 0. 00 0. 18 
Total 1. 79 3. 61 4 . 23 6 .62 5. 95 5. 58 7. 22 1. 86 3. 41 6. 81 1. 36 6. 58 
Sal. 3C .9 2S .4 29 .0 29.7 2S .8 29 .2 30 .6 30 . 1 30 .0 30 .5 29 .8 30 . 3 
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0 6.2 8.2 8.5 
0 .33 0 .28 0 .30 0 .11 0 .24 0 .75 0 .11 0 .09 0 .09 0 .09 0 .09 0 . 14 0 .34 0 .05 0 .09 0 .08 0 .08 0 .05 0 .07 0 .21 0 .05 0 .65 0 .50 0 .55 0 .23 0 .44 1 .39 0 .21 0 15 0 16 0 23 0 00 0 .15 0 53 0 .00 0 48 0 .42 0 46 0 23 0 .39 0 99 0 .18 0 26 0 22 0 24 0 09 0 20 0 56 0 00 0 00 0 00 0 05 0 00 0 06 0 21 0 00 0 39 0 31 0 32 0 18 0 29 0 95 0 13 0 05 0 08 0 05 0 11 0 04 0 08 0 04 0. 12 0 09 0. 10 0. 04 0 07 0. 21 0 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0 00 0. 22 0. 20 0. 22 0. 11 0. 19 0. 64 0. 07 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 05 0. 00 0. 03 0. 00 0. 00 0. 08 0. 03 0. 20 0. 13 0. 17 0. 07 0. 24 0. 59 0. 12 0. 14 0. 08 0. 10 0. 04 0. 13 0. 28 0. 08 0. 22 0. 15 0. 16 0. 11 0. 21 0. 50 0. 16 0. 30 0. 22 0. 18 0. 16 0. 22 0. 36 0. 08 0. 00 0. 00 0. 00 0, 00 0. 00 0. 11 0. 00 
3. 74 3. 01 3. 33 1. 62 3. 08 8. 78 1. 31 13 .5 17 .6 21 .4 23 .9 25 .7 27 .8 31 .2 
Tamar Axial Survey 14-04-83 
units: 1x10-6 moles l - i 
CO 
Asp 0. 19 0 04 0 .43 0 . 16 0 .08 0. 04 0. 04 0. 13 0. 51 0. 16 0. 19 0. 06 Glu 0. 05 0. 00 0 .11 0 .07 0 .03 0. 02 0. 03 0. 05 0. 18 0. 08 0. 08 0. 00 Asn 0. 05 0. 00 0 .08 0 .04 0 .00 0. 00 0. 00 0. 04 0. 09 0. 05 0. 00 0. 02 Ser 0. 39 0. 10 0 .80 0 .30 0 . 14 0. 08 0. 07 0. 24 0. 89 0. 33 0. 37 0. 12 His 0. 13 0. 00 0 .26 0 .02 0 .00 0. 00 0. 00 0. 02 0. 35 0. 00 0. 01 0. 02 Gly 0. 29 0. 09 0 .56 0 .24 0 .09 0. 00 0. 04 0. 22 0. 68 0. 29 0. 26 0. 09 Thr 0. 12 0. 07 0 .20 0 . 10 0 .04 0. 03 0. 01 0. 11 0. 34 0. 12 0. 11 0. 01 Arg 0. 00 0. 00 0 .00 0 .00 0 .00 0. 01 0. 00 0. 00 0. 04 0. 00 0. 02 0. 00 Ala 0. 22 0. 05 0 .43 0 . 18 0 . 10 0. 08 0. 05 0. 13 0. 52 0. 19 0. 21 0. 07 Tyr 0. 36 0. 38 0 .35 0 .33 0 . 36 0. 36 0. 33 0. 35 0. 38 0. 35 0. 36 0. 37 Abu 0. 06 0. 02 0 . 16 0 .06 0 .03 0. 05 0. 01 0. 05 0. 17 0. 06 0. 07 0. 03 Gab 0. 00 0. 04 0 .00 0 .00 0 .00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 Val 0. 18 0. 00 0 .26 0 . 10 0 .06 0. 00 0. 02 0. 10 0. 35 0. 12 0. 16 0. 03 Met 0. 00 0. 00 0 .00 0 .00 0 ,01 0. 00 0. 00 0. 00 0. 03 0. 00 0. 00 0. 00 Try 0. 00 0. 00 0 .03 0 .00 0 .00 0. 00 0. 00 0. 05 0. 00 0. 05 0. 00 0. 00 Phe 0. 10 0. 00 0 .27 0 .09 0 .04 0. 04 0. 02 0. 08 0. 22 0. 12 0. 08 0. 02 He 0. 05 0. 05 0 .18 0 .06 0 .04 0. 00 0. 00 0. 06 0. 17 0. 09 0. 07 0. 02 Leu 0. 11 0. 11 0 .25 0 .11 0 .09 0. 21 0. 07 0. 11 0. 29 0. 13 0. 14 0. 06 Orn 0. 10 0. 18 0 .31 0 . 15 0 .08 0. 13 0. 06 0. 08 0. 36 0. 14 0. 18 0. 10 Lys 0. 00 0. 00 0 . 10 0 04 0 .05 0. 03 0. 00 0. 02 0. 11 0. 00 0. 06 0. 03 
Total 2. 40 1. 13 4 .78 2 .05 1 .24 1. 08 0. 75 1. 84 5. 68 2. 28 2. 37 1. 05 Sa l i n i t y 0 0 0 0 0 1 .0 1 .5 2 .3 3 .9 5 .4 6 .7 7 .5 
Tamar Depth Pr o f i l e 29-04-82 
units: 1x10-6 moles l - i 
DO 
CO 
Station 16 Station 14 
Depth (M) IE . 5 14 . 5 8 3 C .5 IE .5 lA . 5 8 3 C .5 
Asp 0. 15 0. 06 0 .13 0. 08 0. 12 0. 04 0. 13 0. 08 0. 08 0. 10 
Glu 0. 06 0. 05 0 .07 0. 04 0. 06 0. 00 0. 07 0. 04 0. 05 0. 05 
Asn 0. 03 0. 00 0 .00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 
Ser 0. 51 0. 21 0 .46 0. 28 0. 39 0. 12 0. 46 0. 31 0. 36 0. 36 
His 0. 08 0. 00 0 .00 0. 00 0. 07 0. 00 0. 09 0. 06 0. 09 0. 08 
Gly 0. 40 0. 22 0 .35 0. 27 0. 27 0. 09 0. 43 0. 21 0. 46 0. 27 
Thr 0. 10 0. 04 0 .05 0. 06 0. 05 0. 00 0. 06 0. 05 0. 06 0. 08 
Arg 0. 00 0. 00 0 .00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 
Ala 0. 16 0. 08 0 . 14 0. 07 0. 12 0. 03 0. 17 0. 08 0. 11 0. 13 
Tyr 0. 41 0. 27 0 .23 0. 25 0. 24 0. 25 0. 22 0. 25 0. 24 0. 25 
Abu 0. 06 0. 02 0 . 10 0. 04 0. 04 0. 04 0. 05 0. 14 0. 07 0. 05 
Gab 0. 00 0. 00 0 .00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 
Val 0. 05 0. 02 0 .04 0. 03 0. 05 0. 00 0. 06 0. 02 0. 04 0. 04 
Met 0. 00 0. 00 0 .00 0. 00 0. 00 0. 00 0, 00 0. 00 0. 00 0. 00 
Try 0. 05 0. 00 0 .00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 
Phe 0. 18 0. 00 0 .00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 
He 0. 13 0. 14 0 .16 0. 22 0. 21 0. 18 0. 20 0. 23 0. 30 0. 20 
Leu 0. 04 0. 00 0 .02 0. 00 0. 00 0. 00 0. 00 0. 00 0, 00 0. 00 
Orn 0. 24 0. 20 0 .21 0. 22 0. 17 0. 08 0. 79 0. 12 0. 71 0. 20 
Lys 0. 04 0. 00 0 .00 0. 00 0. 06 0. 00 0. 31 0. 00 0. 27 0. 00 
Total 2. 69 1. 31 1 .96 1. 56 1. 85 0. 83 3. 04 1. 59 2. 84 1. 81 
S a l i n i t y 33 .7 33 .5 32.8 33 .6 32 .5 33 .8 33 .7 33 .3 32 . 5 32 . 1 
Tamar Axial Survey 2/95/84 
00 
CD 
units: 1x10- 6 moles 1 -1 
Asp 0 11 0. 30 0 .09 0. 10 0 .22 0. 29 0 . 11 0 .34 0. 28 0 .21 0 .34 
Glu 0 .03 0. 15 0 .03 0. 03 0 .08 0. 10 0 .05 0 .12 0. 13 0 . 13 0 .12 
Asn 0 00 0. 08 0 .02 0. 03 0 .05 0. 04 0 .05 0 .07 0. 07 0 .07 0 ,07 
Ser 0 .39 0. 79 0 .27 0. 29 0 .61 0. 76 0 .31 0 .89 0. 73 0 .48 0 .81 
His 0 .06 0. 12 0 .00 0. 00 0 .08 0. 15 0 .01 0 . 12 0. 13 0 .05 0 . 14 
Gly 0 .36 0. 70 0 .24 0. 22 0 .55 0. 68 0 .34 0 .83 0. 62 0 .47 0 .68 
Thr 0 . 12 0, 23 0 .03 0. 06 0 . 12 0. 18 0 .05 0 .24 0. 16 0 .03 0 .20 
Arg 0 .00 0. 03 0 .00 0. 00 0 .01 0. 03 0 .01 0 .04 0. 05 0 .00 0 .02 
Ala 0 . 15 0. 35 0 . 12 0. 12 0 .23 0. 34 0 . 13 0 .36 0. 31 0 .23 0 .32 
Tyr 0 .05 0. 10 0 .05 0. 07 0 .03 0. 11 0 .07 0 .06 0. 10 0 .10 0 .06 
Abu 0 .04 0. 13 0 .05 0. 06 0 .07 0. 14 0 .05 0 . 11 0. 11 0 .08 0 .10 
Gab 0 .00 0. 00 0 .00 0. 00 0 .00 0. 00 0 .00 0 .00 0. 00 0 .00 0 .00 
Val 0 .06 0. 15 0 .05 0. 05 0 . 13 0. 19 0 .08 0 . 17 0. 14 0 .08 0 . 14 
Met 0 .00 0. 00 0 .00 0. 00 0 .00 0. 00 0 .03 0 .00 0. 00 0 .00 0 .00 
Try 0 .00 0. 03 0 .00 0. 03 0 .01 0. 00 0 .00 0 .02 0. 03 0 .02 0 .00 
Phe 0 .05 0. 13 0 .00 0. 07 0 .12 0. 17 0 .05 0 . 13 0. 12 0 .09 0 . 12 
He 0 .00 0. 08 0 .00 0. 00 0 .05 0. 08 0 .03 0 .07 0. 08 0 .08 0 .04 
Leu 0 .06 0. 13 0 .04 0. 05 0 .06 0. 14 0 .03 0 .11 0. 11 0 .16 0 .13 
Orn 0 .54 0. 57 0 .17 0. 35 0 .37 0. 48 0 .31 0 .27 0. 37 0 .77 0 .47 
Lys 0 .82 0. 32 0 . 10 0. 27 0 . 17 0. 21 0 .35 0 . 12 0. 13 0 .69 0 . 10 
Total 2 .84 4. 39 1 .26 1. 80 2 .96 4. 09 2 .06 4 .07 3. 67 3 .74 3 .86 
Tamar Axial Survey 01-06-83 
units: 1x10-6 moles l - i 
o 
Asp 0. 11 0 03 0 .11 0 .07 0 ,06 0 .05 0 . 13 0 .04 0 .20 0. 05 0. 10 
Glu 0. 05 0 .03 0 . 12 0 .03 0 .00 0 .03 0 .06 0 .04 0 .09 0. 04 0. 05 
Asn 0. 02 0 .00 0 .02 0 .00 0 .02 0 .00 0 .00 0 .00 0 .00 0. 00 0. 03 
Ser 0. 21 0 .06 0 . 18 0 .18 0 .13 0 . 12 0 .23 0 .06 0 .38 0. 08 0. 18 
His 0. 00 0 .00 0 .09 0 .06 0 .06 0 .05 0 .08 0 .00 0 .11 0. 04 0. 06 
Gly 0. 20 0 .03 0 .20 0 . 16 0 . 10 0 .14 0 .22 0 .03 0 .30 0. 05 0. 16 
Thr 0. 07 0 .00 0 .09 0 .07 0 .03 0 .02 0 .02 0 .00 0 .06 0. 00 0. 07 
Arg 0. 00 0 .00 0 .02 0 .05 0 .00 0 .00 0 .04 0 .00 0 .06 0. 00 0. 02 
Ala 0. 12 0 .04 0 . 13 0 .10 0 .05 0 .09 0 . 15 0 .05 0 .24 0. 07 0. 13 
Tyr 0. 52 0 .42 0 .49 0 .45 0 .43 0 .49 0 .49 0 .46 0 .51 0. 44 0. 45 
Abu 0. 03 0 .00 0 .04 0 .03 0 .03 0 .03 0 .04 0 .00 0 .06 0. 03 0. 03 
Gab 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0. 00 0. 00 
Val 0. 08 0 .03 0 .07 0 .01 0 .05 0 .06 0 .09 0 .03 0 . 12 0. 02 0. 08 
Met 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 . 0 .00 0 .00 0. 00 0. 00 
Try 0. 00 0 .00 0 .08 0 .00 0 .05 0 .00 0 . 14 0 .07 0 .04 0. 00 0. 04 
Phe 0. 04 0 .00 0 .08 0 .05 0 .10 0 .02 0 .08 0 .00 0 . 13 0. 03 0. 07 
He 0. 08 0 .02 0 . 14 0 .06 0 .08 0 .06 0 .11 0 .00 0 . 19 0. 06 0. 10 
Leu 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .10 0 .00 0. 00 0. 00 
Orn 0. 16 0 .08 0 . 14 0 .02 0 .03 0 .02 0 . 12 0 .02 0 .41 0. 07 0. 03 
Lys 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0. 00 0. 00 
Total 1. 69 0 .74 2 .00 1 .34 1 .22 1 .18 2 .00 0 .90 2 .90 0. 98 1. 60 
S a l i n i t y 0 0 1.5 1.5 2.0 2.5 4.5 6.5 14.5 17. 1 21.6 
Tamar Axial Survey 01-06-83 
units: IxlO"® moles l - i 
Asp 0.07 0.11 0.13 0.15 0.07 0.21 0.21 0.33 0.11 0.13 0.08 0.13 
Glu 0.05 0.04 0.04 0.06 0.04 0.11 0.08 0.14 0.06 0.08 0.07 0.09 
Asn 0.00 0.00 0.00 0.03 0.03 0.04 0.04 0.00 0.01 0.03 0.00 0.00 
Ser 0.13 0.19 0.25 0.27 0.14 0.34 0.09 0.60 0.18 0.22 0.18 0.23 
His 0.00 0.03 0.08 0.11 0.08 0.18 0.10 0.26 0.08 0.09 0.10 0.08 
Gly 0.12 0.18 0.25 0.27 0.15 0.29 0.36 0.48 0.17 0.20 0.17 0.24 
Thr 0.03 0.10 0.12 0.11 0.08 0.18 0.16 0.25 0.09 0.07 0.09 0.09 
Arg 0.00 0.01 0.00 0.02 0.02 0.02 0.01 0.00 0.01 0.03 0.02 0.00 
Ala 0.10 0.15 0.17 0.19 0.10 0.21 0.25 0.36 0.12 0.15 0.11 0.16 
Tyr 0.52 0.47 0.51 0.57 0.50 0.51 0.47 0.52 0.46 0.43 0.53 0.54 
Abu 0.02 0.03 0.04 0.05 0.03 0.07 0.07 0.09 0.03 0.04 0.03 0.04 
Gab 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Val 0.07 0.05 0.09 0.12 0.05 0.16 0.15 0.21 0.08 0.09 0.08 0.09 
. Met 0,00 0,00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
;r Try 0.03 0,05 0.05 0.08 0.00 0.12 0.11 0.10 0.00 0.09 Q.04 0.08 
Phe 0.00 0.06 0.06 0.07 0.07 0.13 0.09 0.15 0.06 0.08 0.03 0.10 
He 0.00 0.00 0,00 0,00 0.00 0.17 0.15 0.17 0.07 0.00 0.04 0.11 
Leu 0.03 0.09 0.07 0.10 0.06 0.00 0,00 0.00 0.00 0.09 0.00 0.00 
Orn 0.12 0.14 0.24 0.04 0.14 0.24 0.25 0.29 0.14 0.12 0.03 0.19 
Lys 0.00 0.00 0.00 0.00 0.00 0.19 0.00 0,11 0.00 0.00 0.00 0.00 
Total 1.29 1.70 2.10 2,24 1,56 3.17 2.59 4.06 1.67 1.94 1.60 2.17 




Asp 0 .24 
Glu 0 15 
Asn 0 04 Ser 0 44 His 0 l i 
Gly 0 47 
Thr 0 18 
Arg 0. 00 
Ala 0. 28 Tyr 0. 48 Abu 0. 06 
Gab 0. 00 
Val 0. 16 
Met 0. 00 
Try 0. 00 Phe 0. 12 
He 0. 05 Leu 0. 11 
Orn 0. 23 
Lys 0. 08 
Total 3. 20 Sal. 29 . 3 
Tamar Survey Q7-Qfi-ft.-H 
units: IxlO-e moles l - i 
Station 14 
Mid River Transect 1 2 3 West to East 0 .22 0 .24 0 .06 0.04 0 .11 0 .13 0 .14 0 . 14 0 17 0 11 0.09 0 .07 0 15 0 . 10 0 .03 0 04 0 .00 0.00 0 .00 0 .00 0 .04 0 38 0 42 0 09 0.07 0 21 0 22 0 24 0 13 0 12 0 00 0.00 0 06 0 10 0 13 0 41 0 35 0 08 0.10 0 16 0 21 0 24 0 21 0 14 0 00 0.04 0 06 0 05 0 11 0 00 0. 00 0 00 0.00 0 00 0. 00 0 04 0 21 0. 26 0 04 0.04 0 11 0, 12 0 15 0. 49 0. 54 0. 58 0.49 0. 49 0. 61 0. 51 0. 07 0. 08 0. 00 0.02 0. 03 0. 04 0. 05 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 13 0. 17 0. 00 0.00 0. 04 0. 03 0. 08 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 04 0. 00 0.00 0. 00 0. 00 0. 02 0. 13 0, 13 0. 00 0.00 0. 00 0. 07 0. 09 0. 06 0. 10 0. 00 0.00 0. 00 0. 00 0. 06 0. 13 0. 13 0. 00 0.05 0. 04 0. 08 0. 11 0. 30 0. 28 0. 16 0.09 0. 11 0. 20 0. 33 0. 00 0. 06 0. 00 0.00 0. 09 0. 00 0. 18 
3. 04 3. 27 1. 12 1.03 1. 58 2. 01 2. 62 29 .3 29 .4 29 .6 29.0 29 .8 29 .8 30 ,0 
Tamar Suyyey 07-Qg-83 (qoptji^PMej) 
to 
CO 
Station 15 Station 16 Melampus 
Depth (M) 0 1 2 3 0 1 2 3 Control 
Asp 0.06 0.08 0. 49 0.11 0.37 0.09 0.12 0.29 0.18 
Glu 0.10 0.11 0. 18 0.08 0. 17 0.06 0.10 0.11 0.09 
Asn 0.00 0.00 0. 06 0.00 0.05 0.00 0.00 0.00 0.00 
Ser 0.15 0.14 0. 87 0.19 0.63 0.15 0.19 0.50 0.34 
His 0.05 0.07 0. 37 0.00 0.25 0.00 0.00 0.05 0.12 
Gly 0.17 0.17 0. 84 0.18 0.59 0.16 0.16 0.40 0.30 
Thr 0.03 0.00 0. 43 0.06 0.36 0.08 0.05 0.17 0.14 
Arg 0.00 0.00 0. 10 0.00 0.04 0.00 0.00 0.00 0.00 
Ala 0.10 0.09 0. 56 0.12 0.34 0.09 0.11 0.29 0.18 
Tyr 0.57 0.61 0. 74 0.47 0.61 0.44 0.50 0.48 0.58 
Abu 0.04 0.04 0. 18 0.04 0.12 0.03 0.04 0.09 0.06 
Gab 0.00 0.00 0. 00 0.00 0.00 0.00 0.00 0.00 0.00 
Val 0.00 0.07 0. 36 0.07 0.26 0.05 0.08 0.16 0.13 
Met 0.00 0.00 0. 00 0.00 0.00 0.00 0.00 0.00 0.00 
Try 0.00 0.00 0. 00 0.00 0.03 0.00 0.00 0.00 0.00 
Phe 0.07 0.07 0. 43 0.00 0.23 0.00 0.04 0. 12 0.17 
He 0.00 0.05 0. 18 0.04 0.13 0.03 0.03 0.10 0.09 
Leu 0.11 0,06 0, 30 0.08 0.20 0.04 0.06 0.17 0.09 
Orn 0.17 0.19 0. 50 0.28 0.42 0.14 0.20 0.33 0.29 
Lys 0.00 0.00 0, 10 0.00 0.21 0.08 0.09 0. 10 0. 14 
Total 1.62 1.75 6. 69 1.72 5.01 1.44 1.77 3.36 2.90 
Sal. 27.2 27.3 29 .2 29.5 27.3 28.1 29.5 29.4 35.0 
Tamar Axial Survey 17/07/84 
units: IxlO-s moles l - i 
CO 
Asp 0 . 16 0 . 14 0 .38 0 . 16 0. 03 0 , 17 0. 34 0. 46 0 .07 0 .07 
Glu 0 .07 0 .06 0 . 12 0 .07 0. 00 0 . 10 0. 19 0. 21 0 .06 0 .00 Asn 0 .07 0 .02 0 .04 0 .05 0. 00 0 .05 0. 06 0. 08 0 .00 0 .00 Ser 0 .33 0 .31 0 .84 0 .38 0. 06 0 .56 0. 99 1. 11 0 .20 0 . 14 
His 0 .00 0 .00 0 . 15 0 .08 0. 00 0 .07 0. 09 0. 17 0 .00 0 .00 Gly 0 .24 0 . 15 0 .71 0 .29 0. 12 0 .41 0. 82 0. 86 0 .15 0 . 16 Thr 0 .05 0 .00 0 . 14 0 .08 0. 03 0 .06 0. 22 0. 27 0 .00 0 .00 Arg 0 .01 0 .00 0 .08 0 .03 0. 00 0 00 0. 20 0. 28 0 .00 0 .00 
Ala 0 .11 0 . 15 0 .36 0 . 16 0. 03 0 .28 0. 48 0. 48 0 .07 0 .06 Tyr 0 .07 0 . 13 0 . 10 0 .08 0. 10 0 14 0. 14 0. 15 0 .08 0 . 12 
Abu 0 .04 0 .09 0 .09 0 .04 0. 00 0 . 10 0. 15 0. 16 0 .02 0 .06 Gab 0 .01 0 ,00 0 .02 0 .00 0. 00 0 00 0. 00 0. 00 0 .00 0 .01 
Val 0 .08 0 .09 0 . 14 0 .07 0. 00 0 . 10 0. 17 0. 21 0 .04 0 .04 
Met 0 .00 0 .00 0 .00 0 .00 0. 00 0 00 0. 00 0. 00 0 .00 0 .00 
Try 0 .02 0 .00 0 .00 0 .00 0. 00 0 .01 0. 01 0. 00 0 .00 0 .00 
Phe 0 .05 0 .05 0 .09 0 ,03 0. 05 0 03 0. 21 0. 18 0 .00 0 .01 
He 0 .00 0 .01 0 .03 0 .01 0. 00 0 .00 0. 08 0. 06 0 .00 0 .00 
Leu 0 .08 0 .03 0 .16 0 .07 0. 05 0 11 0. 18 0. 13 0 .06 0 .04 
Orn 0 .21 0 . 13 0 .44 0 .26 0. 10 0 24 0. 35 0. 41 0 .20 0 .19 
Lys 0 .00 0 .00 0 . 14 0 .00 0. 06 0 00 0. 06 0. 12 0 .00 0 .00 
Total 1 .60 1 .36 4 .03 1 .86 0. 63 2 46 4. 74 5. 34 0 .95 0 .90 
S a l i n i t y 0 0 2 5 9 12 15 20 25 34 
Tani^r h^x^X Survey 19-08-8^ 
C/1 
u n i t s : 1x10- e moles 1" 1 
Asp 0 20 0 .32 0. 23 0 . 10 0 .24 0. 56 0. 32 0 .32 0 . 10 0 .58 0 .36 0 .62 0 ,46 0 .70 0 .48 
Glu 0 .06 0 . 12 0. 05 0 .03 0 .05 0. 12 0. 11 0 .09 0 .03 0 . 17 0 . 14 0 .20 0 . 14 0 .26 0 . 17 
Asn 0 07 0 .07 0. 05 0 .00 0 .05 0. 12 0. 07 0 .07 0 .00 0 . 12 0 .07 0 . 14 0 . 12 0 .21 0 .09 
Ser 0 .76 1 . 13 0. 74 0 .36 0 .86 2. 14 0. 99 1 .11 0 .34 1 .97 1 .11 2 .23 1 .45 2 .60 1 .31 
His 0 10 0 . 19 0. 10 0 .06 0 . 10 0. 26 0. 19 0 . 16 0 .06 0 .32 0 .22 0 .42 0 .26 0 .26 0 .32 
Gly 0 .42 0 .64 0. 34 0 . 17 0 .45 1. 01 0. 62 0 .70 0 .20 1 . 15 0 .64 1 .29 0 .78 1 .37 0 .95 
Thr 0 .11 0 . 17 0. 08 0 .08 0 . 14 0. 28 0. 17 0 . 17 0 .06 0 .34 0 .20 0 .39 0 .28 0 .36 0 .31 
Arg 0 .02 0 .04 0. 02 0 .00 0 .00 0. 04 0. 04 0 .04 0 .02 0 .08 0 .06 0 .11 0 .06 0 .15 0 .08 
Ala 0 .22 0 . 34 0. 20 0 . 11 0 .25 0. 56 0. 32 0 .32 0 . 11 0 . 56 0 .34 0 .63 0 .41 0 .83 0 .56 
Tyr 0 .05 0 .08 0. 05 0 .05 0 .06 0. 17 0. 08 0 .08 0 .03 0 .11 0 .09 0 . 18 0 . 11 0 . 18 0 . 13 
Abu 0 .00 0 .00 0. 00 0 .00 0 .00 0. 00 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 
Gab 0 .00 0 .00 0. 00 0 .00 0 .00 0. 00 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 
Val 0 .08 0 . 13 0. 08 0 .05 0 .08 0. 18 0. 11 0 .11 0 .03 0 .19 0 .13 0 .26 0 . 16 0 .30 0 . 18 
Met 0 .00 0 .00 0. 00 0 .00 0 .00 0. 00 0. 00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 
Try 0 .00 0 .00 0. 00 0 .00 0 .00 0. 05 0. 00 0 .00 0 .00 0 .00 0 .00 0 .05 0 .05 0 .05 0 .05 
Phe 0 . 11 0 .11 0. 09 0 .07 0 . 15 0. 31 0. 13 0 .09 0 .04 0 .15 0 .11 0 .24 0 . 15 0 .26 0 .24 
H e 0 .06 0 .06 0. 05 0 .05 0 .08 0. 13 0. 06 0 .06 0 .03 0 .06 0 .06 0 . 14 0 . 10 0 . 14 0 . 12 
Leu 0 . 12 0 . 14 0. 10 0 .06 0 . 10 0. 21 0. 17 0 . 13 0 .06 0 .17 0 .16 0 .27 0 .17 0 .29 0 .23 
Orn 0 . 27 0 . 27 0. 16 0 .21 0 .32 0. 69 0. 32 0 .27 0 .11 0 .42 0 .21 0 . 53 0 . 37 0 .48 0 .40 
Lys 0 .05 0 .05 0. 00 0 .00 0 .05 0. 14 0. 09 0 .09 0 .00 0 .09 0 .09 0 . 14 0 .09 0 .14 0 .09 
Tot 2 .70 3 .86 2. 34 1 .40 2 .98 6. 97 3. 79 3 .81 1 .22 6. .48 3 .99 7 .84 5 .16 8 .58 5 .71 
S a l 0 0 0 0 0 2 7 10 12 15 18 22 24 27 30 
Tamar Depth P r o f i l e .^'^ -n^ -^ p 
u n i t s : 1x10 -6 moles 1" l 
00 
CD 
S t a t i o n 16 Depth M 16 15 11.5 3 0.5 Asp 0 .24 0 32 0 .71 0 .28 0 . 32 Glu 0 11 0 14 0 29 0 13 0 16 Asn 0 05 0 06 0 16 0 05 0 06 Ser 0 43 0 60 1 31 0 50 0 64 His 0 12 0 00 0 52 0 21 0 28 Gly 0 43 0. 59 1 17 0 50 0 66 Thr 0 21 0 23 0 56 0 18 0 30 Arg 0 00 0. 07 0 13 0 00 0 06 Ala 0 24 0. 33 0 72 0. 29 0. 38 Tyr 0. 28 0. 27 0. 31 0. 26 0. 29 Abu 0. 09 0. 11 0. 29 0. 12 0. 13 Gab 0. 00 0. 00 0. 00 0. 00 0. 00 Val 0. 17 0. 22 0. 53 0. 22 0. 25 Met 0. 00 0, 00 0. 00 0. 00 0. 00 Try 0. 00 0. 00 0. 01 0. 00 0. 00 Phe 0. 12 0. 18 0. 22 0. 16 0. 14 H e 0. 18 0. 20 0. 23 0. 20 0. 18 Leu 0. 11 0. 16 0. 31 0. 16 0. 14 Orn 0. 20 0. 20 0. 40 0. 23 0. 21 Lys 0. 00 0. 00 0. 09 0. 00 0. 06 
Total 2. 98 3. 68 7. 96 3. 49 4. 26 S a l . 33 .8 33 .8 33 .7 33 .5 33 .4 
S t a t i o n 15 S t a t i o n 14 16.5 15.5 13 3.5 0,5 17 9 3.5 0.5 0 .44 0 .22 0 61 0 .26 0 .35 0 .30 0 .48 0 .15 0 .25 0 17 0 13 0 40 0 . 14 0 19 0 15 0 51 0 .11 0 . 14 0 10 0 06 0 22 0 .06 0 09 0 08 0 12 0 .04 0 .06 0 89 0 47 1 14 0 48 0 67 0 59 0 89 0 .31 0 49 0 30 0 25 0 55 0 27 0 34 0 31 0 54 0 . 18 0 25 0 83 0. 43 1. 06 0 50 0 61 0 59 0 90 0 .35 0 46 0 40 0. 19 0. 52 0 14 0 31 0 22 0 44 0 .13 0 18 0. 00 0. 04 0. 12 0 00 0. 09 0. 00 0. 12 0 00 0 07 0. 45 0. 25 0. 65 0 25 0. 39 0. 32 0. 52 0 17 0 27 0. 30 0. 33 0. 43 0. 40 0. 38 0. 40 0. 44 0 40 0. 41 0. 17 0. 09 0. 27 0. 12 0. 15 0. 12 0. 18 0 06 0. 11 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0 00 0. 00 0. 35 0. 18 0. 54 0. 21 0. 24 0. 24 0. 42 0 11 0. 20 0. OO 0. 00 0. 06 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 04 0. 00 0, 00 0. 00 0. 00 0. 00 0. 00 0. 19 0. 11 0. 23 0. 07 0. 13 0. 11 0. 18 0. 05 0. 12 0. 23 0. 15 0. 31 0. 15 0. 18 0. 12 0. 21 0. 12 0. 19 0. 21 0. 12 0. 48 0. 14 0. 15 0. 12 0. 25 0. 08 0. 14 0. 31 0. 16 0. 36 0. 20 0. 20 0. 22 0. 24 0. 00 0. 00 0. 07 0. 00 0. 16 0. 00 0. 00 0. 11 0. 06 0. 16 0. 14 
5. 41 3. 18 8. 15 3. 39 4. 47 4 . 00 6. 50 2. 42 3. 48 33 .9 33 .8 33 .7 33 ,4 33 .2 33 .6 33 .6 33 .2 33 . 2 
Tamar A x i a l Survey 26/10/83 
u n i t s : 1x10 -6 moles l - i 
Asp 0 .93 0 .50 1 04 0 18 0 31 0. 94 0. 13 0. 39 0 11 0. 21 Glu 0 .30 0 .16 0 45 0 07 0 10 0 32 0 04 0. 14 0 06 0 10 Asn 0 .16 0 .09 0 15 0. 00 0 05 0. 14 0. 00 0. 06 0. 00 0. 00 Ser 2 .39 1 .29 2 60 0. 45 0 81 2. 37 0, 35 1. 05 0. 32 0. 58 His 0 .81 0 .39 0 91 0. 16 0. 27 0. 80 0. 12 0. 38 0. 06 0. 19 Gly 1 .81 1 .04 2 52 0. 38 0 73 1. 88 0. 28 0. 80 0. 26 0. 42 Thr 0 .77 0 .38 0. 65 0. 11 0. 22 0. 38 0. 09 0. 24 0. 06 0. 16 Arg 0 .18 0 .48 0 40 0. 00 0. 09 0. 13 0. 00 0. 00 0. 00 0. 00 Ala 0 .91 0 .42 1. 17 0. 21 0. 34 1. 00 0. 12 0. 42 0. 12 0. 22 Tyr 0 .45 0 .21 0. 46 0. 44 0. 48 0. 54 0. 47 0. 50 0. 46 0. 49 Abu 0 .40 0 .00 0. 45 0. 08 0. 11 0. 39 0. 05 0. 16 0. 04 0. 07 Gab 0 .00 0 .00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 Val 0 .53 0 29 0. 70 0. 10 0. 17 0. 56 0. 08 0. 22 0. 08 0. 13 Met 0 .00 0 .00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 Try 0 00 0 00 0. 00 0. 00 0. 00 0. 10 0. 00 0. 00 0, 00 0. 00 Phe 0 .54 0 .34 0. 65 0. 11 0. 00 0. 48 0. 00 0. 00 0. 00 0. 00 H e 0 60 0 46 0. 68 0. 26 0. 00 0. 87 0. 00 0. 15 0. 10 0. 09 Leu 0 .37 0 21 0. 48 0. 09 0. 25 0. 38 0. 21 0. 59 0. 47 0. 39 Orn 0 93 0 80 1. 01 0. 47 0. 42 1. 12 0. 26 0. 40 0. 36 0. 26 Lys 0 27 0 34 0. 21 0. 00 0. 10 0. 45 0. 00 0. 05 0. 00 0. 00 
To t a l 12 35 7 40 14. 53 3. 11 4. 45 12. 85 2. 20 5. 55 2. 50 3. 31 S a l i n i t y 0 0 2. 5 4. 5 11. 0 15. 0 20 .0 25 .0 30 .0 32 .0 
T^mar AxAaJl Survey 2 9 / U / 9 3 
u n i t s : 1x10 -6 moles l - i 
00 
Asp 0. 21 0 .36 0. 77 0. 49 0. 14 0. 46 0. 28 0. 51 0. 06 0. 25 Glu 0. 04 0 . 14 0. 22 0. 16 0. 05 0. 14 0. 09 0. 11 0. 05 0. 12 Asn 0. 00 0 . 13 0. 20 0. 14 0. 00 0. 13 0. 07 0. 00 0. 02 0. 00 Ser 0. 60 1 .08 1. 94 1. 30 0. 40 1. 08 0. 65 1. 34 0. 13 0. 63 His 0. 10 0 .18 0. 47 0. 29 0. 13 0. 31 0. 12 0. 30 0. 07 0. 14 
Gly 0. 49 1 .06 1. 60 1. 14 0. 35 0. 83 0. 56 1. 03 0. 14 0. 56 
Thr 0. 12 0 .30 0. 48 0. 35 0. 12 0. 34 0. 21 0. 38 0. 04 0. 18 
Arg 0. 00 0 .01 0. 00 0. 04 0. 03 0. 01 0. 02 0. 00 0. 01 0. 04 Ala 0. 20 0 .43 0. 75 0. 50 0. 15 0. 36 0. 25 0. 47 0. 06 0. 24 Tyr 0. 02 0 .08 0. 10 0. 07 0. 03 0. 05 0. 05 0. 05 0. 03 0. 05 Abu 0. 09 0 . 18 0. 28 0. 24 0. 08 0. 19 0. 11 0. 16 0. 02 0. 10 Gab 0. 00 0 .00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 
Val 0. 12 0 .26 0. 45 0. 30 0. 08 0. 23 0. 14 0. 25 0. 03 0. 15 
Met 0. 00 0 .05 0. 05 0. 04 0. 00 0. 02 0. 00 0. 03 0. 00 0. 00 
Try 0. 00 0 .00 0. 12 0. 06 0. 00 0. 00 0. 00 0. 02 0. 02 0. 00 
Phe 0. 12 0 24 0. 40 0. 32 0. 14 0. 30 0. 21 0. 24 0. 04 0. 18 
H e 0. 06 0 .12 0. 32 0. 28 0. 11 0. 21 0. 11 0. 12 0. 00 0. 12 
Leu 0. 17 0 25 0. 57 0. 48 0. 22 0. 34 0. 22 0. 18 0. 06 0. 21 
Orn 0. 41 0 68 0. 94 0. 64 0. 27 0. 88 0. 44 0. 68 0. 15 0. 50 
Lys 0. 09 0 20 0. 32 0. 24 0. 12 0. 42 0. 10 0. 18 0. 00 0. 16 
Total 2. 84 5 75 9. 98 7. 08 2. 42 6. 30 3. 63 6. 05 0. 93 3. 63 
S a l i n i t y 0 0 1 .0 3 .7 7 .5 9 .7 14 .7 22 .0 24 .0 30 .0 
Tamar A x i a l Survey 20/12/83 
u n i t s : 1x10-6 moles l - i 
00 
CD 
Asp 0 .18 0 .23 0 04 0 44 0 24 0 37 0 11 0 22 0 10 Glu 0 .07 0 .09 0 03 0 17 0 09 0 11 0 04 0 09 0 .06 Asn 0 .00 0 .06 0 01 0 00 0 04 0 00 0 00 0 00 0 01 Ser 0 .45 0 .62 0 09 1 28 0 68 1 08 0 26 0 58 0 26 His 0 16 0 12 0 00 0. 32 0. 12 0. 24 0. 00 0 14 0 05 Gly 0 45 0 .58 0 13 1. 19 0. 64 0. 95 0. 27 0 63 0 29 Thr 0 14 0 14 0. 00 0. 36 0. 15 0. 25 0. 06 0. 13 0 07 Arg 0 12 0 08 0. 03 0. 14 0. 06 0. 16 0. 00 0. 08 0 03 Ala 0 19 0 25 0. 04 0. 49 0. 27 0. 41 0. 12 0. 27 0. 12 
Tyr 0 37 0 34 0. 34 0. 41 0. 40 0. 41 0. 38 0. 46 0. 46 Abu 0 10 0 09 0. 01 0. 15 0. 08 0. 16 0. 03 0. 06 0. 03 Gab 0 00 0 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 Val 0. 13 0 13 0. 03 0. 29 0. 14 0. 25 0. 09 0. 12 0. 06 Met 0 00 0 02 0. 00 0. 03 0. 00 0. 03 0. 01 0. 00 0. 00 Try 0. 00 0. 00 0. 00 0. 04 0. 00 0. 00 0. 00 0. 00 0. 00 Phe 0. 13 0. 13 0. 03 0. 25 0. 13 0. 24 0. 06 0. 14 0. 05 H e 0, 06 0. 08 0. 00 0. 14 0. 06 0. 13 0. 02 0. 08 0. 02 Leu 0. 15 0. 16 0. 08 0. 23 0. 14 0. 24 0. 09 0. 15 0. 09 Orn 0. 23 0. 34 0. 19 0. 58 0. 31 0. 44 0. 23 0. 47 0. 18 Lys 0. 36 0. 09 0. 00 0. 35 0. 12 0. 11 0. 06 0. 11 0. 00 
T o t a l 3. 29 3. 55 1. 05 6. 86 3. 67 5. 58 1. 83 3. 73 1. 88 S a l i n i t y 0 0 1 .0 4 .0 8 .0 12 .5 15 .0 20 .0 22 .0 
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A High Performance Liquid 
Chromatographic Determination of Free 
Amino Acids in Natural Waters in the 
Picomolar (M x 10 '') Range Suitable for 
Shipboard Use 
ROGER EVENS, JAMES BRAVEN and LESLIE BROWN 
Department of Environmentai Sciences, Pfymouth Polytechnic. Ptymouth. Devon, U.K. 
and 
IAN BUTLER 
Marine Biologicai Association of the U.K.. Citadel Hill. Ptymouth 
(Received February 3. 1982; in final form April 26. 1982) 
A reliable method for the determination of amino acids, suitable for routine shipboard use. is 
presented. Using reverse-phase high-performance liquid chromatography with computer-
controlled gradient elution optimization, the amino acids commonly found in sea-water were 
clearly resolved and determined at the picomole level. A procedure was also developed to 
enable repeat injections of sea water samples to be made without deterioration of column 
material or performance. Thus the analysis was made more operator-independent and 
consequently more suitable for use at sea*. 
INTRODUCTION 
Productivity studies in the English Channel have shown that the 
phytoplankton growth that occurs in the Spring strips from the water the 
inorganic nitrate which has built up during the winter months. The nitrate 
concentration in the euphotic zone of the water column then remains low 
throughout the summer months, the nitrogen available for phytoplankton 
growth during this period being in the form of ammonia, urea, and other 
nitrogenous products recycled by the biota (Butler et al., 1979). There is 
now considerable evidence that some species of phytoplankton prefer-
entially utilise specific forms of dissolved nitrogen (Harvey et al., 1976; 
99 
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Schell e/ a/.. 1974; Sepcrs, 1977). The naiurc of the dissolved nitrogen av;iil-
able for phyioplankion growih is ihcrefore one of the faciors which decides 
which particular compciing phyioplankton species will have opiimum 
conditions of growth. 
In the English Channel studies, about half ihe dissolved nitrogen 
constituents in the Summer have been identified and measured individually. 
It is known thai the amino acids make up a significant part of the 
unideniified fraction but until recently no simple reliable method was 
available for their estimation. The main difficuhy was that amino acids in 
sea water are present in quantities dissolved in a ^.5% saline solution and 
the high salt content gave rise to analytical difficuhies. The development of 
H P L C presented an opportunity to overcome these difficulties and 
Lindroth and Mopper (1979) demonstrated the H P L C separation of amino 
acids in sea water following direct injection using pre-column fluorescence 
derivaiisation with o-phthaldialdchyde. Initially we attempted to use this 
method but were unable to obtain consistent results for quantitation of 
individual amino acids. Column deterioration was also very rapid. 
The procedure described in this paper has been developed from Lindroth and 
Mopper*s method and gives consistent results both in fresh and saline waters. 
MATERIALS AND METHODS 
Reagents 
All solvents used in the analyses were Fisons H P L C grade. Disiilled water 
was double-distilled from glass. All other compounds were obtained from 
BDH and were of the purest grade commercially obtainable. Standard 
solutions of amino acids (Im mol/1) were stored ai 4'*C. 
Phosphate buffer (pH 7.50) was prepared by titrating a 0.1 M solution of 
disodium phosphate with 0.1 M monosodium phosphate to pH 7.20 and 
borate buffer (pH 9.50) was prepared by titrating 0.4 M boric acid with 
sodium hydroxide to pH 9.50. 
Ortho-phthaldialdehyde (OPA) reagent was prepared by dissolving 
135 mg OPA in 5 ml H P L C grade methanol, adding mercaptoethanol 
(100 MO and making up to 25 ml with borate buffer (pH 9.5). The reagent 
was stored unrefrigerated in glass and under these conditions was stable for 
7 days if a furthCT 20^1 of mercaptoethanol was added after 3 days. 
The eluting solvents and buffer were degassed by filtration through a 
0.45 f<m Millipore filler. 
Apparatus 
The solvent delivery system consisted of the following: Two Waters 
Associates 6000A solvent delivery pumps with a Waters 720 System 
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Coniroller and a Waters U6K injector. Detection was achieved using 
either a Perkin Elmer MPF 3 fluorescence spectrophotomcicr fitted with a 
flow cell (A ex = 345 nm, Aem = 440 nm) or a Waters 420 filter 
fluorometer (excitation filter 335 nm. emission filter 450 nm). A Phillips 
PM 8252 dual-channel recorder was used. A Hewlett Packard 3390 A 
recorder with an integrator was connected in paraHcl with the Phillips 
recorder and the integrator was programmed to convert peak areas to 
mole fractions of the appropriate amino acid. Sample injection was done 
with Hamilton syringes: Oxford variable volume automatic pipettes were 
used to dispense reagents. 
A Shandon Southern column (100x5 mm). packed with Hypersil 
5-7 fim octadecylsilane (ODS). and fitted with a Shandon guard column 
packed with Whatman pellicular (25-37 /im) ODS was used in the 
analyses. 
A set of acid washed glassware (lO'^ o HCI) was kept specifically for use 
in these analyses. 
Procedure 
Coilecfion and handling Samples of sea water were collected and 
immediately filtered through a 0 . 4 5 filter under low vacuum. The 
analyses were carried out as soon as possible after collection and usually 
within 4 8 h. When this time was exceeded the samples were deep frozen. 
Although storage by this method appeared to be satisfactory in most cases 
it occasionally gave rise to anomalous results. It is recommended that the 
storage capacity of the samples should be checked as this may vary not 
only seasonally but from one location to another. 
Great care must be taken in the handling of glassware and apparatus to 
avoid contamination, and as finger marks are one source of amino acids 
(Hamilton. 1 9 6 5 ) it is recommended that suitable protective gloves should 
always be worn. 
Syringes were repeatedly fiushed with water before and after each 
injection and filled with water between injections. Cleanliness was 
checked by monitoring a distilled water injection between analysis. 
RESULTS 
Analysis 
The filtered water sample ( 5 0 0 MO was mixed with 1 0 0 n\ of OPA reagent 
in a glass stoppered fiask and. after 2 minutes, 3 0 0 ^1 of 0 . 4 M boric acid 
added to quench the reaction and lower the pH to 7 . 5 0 . A 1 0 0 pi sample 
of this mixture was then injected onto the column with the following 
programme: 
102 R. E V E N S ei al 
Time 
minutes Row rale C H j C N (<Vo) 
Phosphate 
Buffer (<7o) Curve 
0 
£ 






4 7 93 Linear 
4 ID 90 Linear 
4 20 80 Isocraitc 
4 20 80 Linear 
4 33 67 Linear •• 
Retention times of various compounds under these conditions is given in 
Table I and a typical recorder trace obtained from a sea water sample 










35 30 25 20 
TIME mins. 
15 10 
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T A B L E I 
Retention limes of standard compounds 
Amino acid Time in minutes 
Aspartic acid 3.0 
Cystine 4.0 










a-amino butyric acid 22.9 
Ethanolamine 23.8 









After SO injections of sea water the guard column was refilled. It was not 
necessary to refill the chromatography column until at least 200 sea water 
injections had been made. 
Safety 
Great care was taken when using acetonitrile because of its poisonous 
properties. In our work the effluent from the instrument was discharged 
directly into a Hask containing 5*?o sodium hypochlorite. This solution was 
renewed at the start of each day's work. 
Calibration 
A calibration mixture containing 44x10- ' ' moles of each standard was 
analysed as already described to yield a calibration chromatogram. The 
calibration was checked after every 5 injections and was very reproducible. 
Although amino acid standards produced different fluorescence intensities. 
104 R. E V E N S ei al 
% CH CN 
I I I I I I — r ^ ™ ^ 
35 30 25 20 15 10 5 0 
TIME mins. 
F I G U R E 2 Chromaiogram obtained from the analysis of an equimolar (44 picomoles) amino 
acid mixture. Ideniincaiion of the compounds is as follows: 1. Aspartic acid; 2. Glutamic acid; 
3. Asparagine; 4. Serine: 5. Histidine; 6. Glycine; 7. Threonine; 8. Arginine; 9. /^-Alanine; 10. 
Alanine; 11. Tyrosine; 12. a-amino butyric acid; 13. Ethanolamine; 14. r-Amino butyric add; 
15. Valine; 16. Methionine; 17. Tryptophan: 18. Phenylalanine; 19. Isoleucine; 20. Leucine: 
21. Orniihine: 22. Lysine. The C H j C N cluiion gradient is also shown. 
the fluorescence intensity for each amino acid was the same in distilled, 
estuarine or sea water. A chromatogram of a mixture of 22 standard 
compounds together with the gradient profile is shown in Figure 2. 
Standard additions of known amounts of amino acids to sea water gave 
linear responses for each amino acid over the range 1-400 picomoles. 
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Reproducibility 
Under ihe conditions specified in this paper the reproducibility of results 
varied for each amino acid. Table II gives the coefficieni of variaiion for 20 
amino acids found in sea water. 
Column Regeneration 
After each determination the column was re-cquilibraied to the initial 
conditions for 5 minuics before the next determination. Using this 
procedure twelve sea water samples (including calibration and blanks) could 
be analysed in twelve hours. 
T A B L E II 
Rcproducibiliiy of ihc rciuhs obiaiued for ihc 
analysis of 33 picomntcs of 20 amino acids found in 
sea water 
Coefficient of 
variaiion (based on 
Amino acid 6 repeat analyses) 
Aspanic acid ± 
Glutamic acid ±ll<'/o 
Asparagine i:l2'7o 






Tyrosine * SVo 
o-amino butyric acid 
/•amino butyric acid £lO<?o 
Valine ilI<5'o 







The cocfncient of variaiion is the standard 
deviation expressed as a percentage of the 
mean. 
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Shut-down procedure 
Ai the end of each working day the system was washed with 40 ml of water 
followed by 100 ml of methanol. 
DISCUSSION 
The elution system of phosphate buffer and acetonitrile was selected after 
much preliminary investigation as it gave the clearest separation, base-line 
stability and reproducibility. 
The column deterioration observed by Lindroth and Mopper (1979) and 
ourselves was overcome by adding 0.4 M boric acid to the reaction solution 
after 2 minutes reaction time thereby reducing the pH from 9.5 to 7.5. The 
silica base of the column packing is not soluble at this pH and the column 
showed no deterioration in performance even after 200 injections. The 
normal procedure for chromatography of sea water samples of replenishing 
the guard-column after 50 injections was observed however. 
This method has been developed for use both in the laboratory and at sea. 
It has already been tested.at sea during a cruise on the N E R C Research 
Vessel Frederick Russell when it performed well under difficult weather 
conditions including a Force 8 gale. Computer control of gradient profiles 
and programmable conversion of peak areas to mole fractions of amino 
acids not only greatly speeds analysis but also renders the method more 
useful for shipboard use by making it more operator-independent. The 
method is at present being used to study the seasonal variation of the amino 
acids in English Channel waters and the results from these studies will be 
published elsewhere. 
References 
Builer, E . I.. Knox. S. and Liddtcoai, M. I. (1979). The rdaitonship becween inorganic and 
organic nuirients in sea water. Journal of the Marine Biotogica/ Association of the United 
Kingdom. 59. 239-250. 
Hamilton, P. B. (1965). Amino acids on hands. Nature, 205, 284-3. 
Harvey. W. A. and Caperon, J . (1976). The rate of utilisation of urea, ammonium and nitrate 
by natural populations of marine phyioplankion in a euirophic environmeni. Pacific 
Science, 30, 329-340. 
Lindroih, P. and Mopper. K. (1979). High Performance Liquid chromatographic determina-
tion of subpicomole amounts of amino acids by precolumn fluorescence derivatizaiton 
with o-Phihaldialdehydc. Analytical Chemistry. S I . 1667-1674. 
Schcll, D. M. (1974). Uptake and regeneration of free amino acids in marine waters of 
southeast Alaska. Limnology A Oceanography 19, 260-270. 
Sepers. A. B. J . (1977). The utilisation of dissolved organic compounds in aquatic environ-
vents. Hydrobiofogia, 52, 39-54. 
Chemistry in Ecolttqy. 1984. Vol. 2, pp. 11-21 
0275-7540/84/0201-0011 $18.50/0 
© 1984 Cordon and Breach. Science Publishers. Inc. and OPA Lid. 
Printed in Great Briiain 
Amino Acids in Sea Water 
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{Received November 18. 1983) 
Free amino adds in the waters of the English Channel have been measured over a twelve 
month period using a newly developed field technique. Samples have been taken over a 
wide area both from the surface and at depth. The results show that the levels of amino 
adds found in these studies are greater than those previously generally accepted. These 
findings are of considerable importance in productivity studies since amino nitrogen as 
a source of nutrient for phytoplankton has been largely neglected. This paper shows 
that the levels of amino adds in the upper layers of the sea are not insignificant and 
should nol be disregarded as an alternative nitrogen source for phytoplankton. 
INTRODUCTION 
The role played by the dissolved nutrient nitrogen compounds in the 
growth of marine phytoplankton has always been difficult to quantify 
mainly through lack of information concerning the nature and 
concentrations of some nutrient constituents. Early studies were almost 
wholly concerned with nitrate due to the analytical difficulties of 
estimating other forms of dissolved nitrogen presenL In the last twenty 
years routine reliable methods have been developed for the estimation 
of ammonia and urea. However when the measured concentrations of 
these are taken into account the amount of dissolved unidentified forms 
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of nitrogen remaining in the upper layers of the sea is relatively large. 





M M N 
F I G U R E I Total dissolved nitrogen compounds in the waicra of the Western English 
Channel. Average of all the results obtained over 8 years. tUniu p g i t N/I.). Buller 
rt a/. (1979V 
It would be expected that amino acids would make some contribution 
to this unidentified fraction but estimation of these in sea water has 
always posed considerable analytical problems. Most published 
methods for measurements of individual amino adds are time 
consuming leading to losses and contamination. Total amino nitrogen 
measurements on sea water containing a mixed range of amino acids 
gave results which were difficult to interpret as the fluorescence 
techniques used depended upon unequal fluorescent intensity yields for 
the same amount of individual amino acids. Examples of reported levels 
of amino acids from various localities and using a variety of techniques 
are shown in Table I. 
There is therefore some confusion as to the levels of amino acids 
normally present in sea water and the generally accepted ideas were 
summed up in the latest nitrogen review by McCarthy (1980). "The 
balance of the dissolved organic nitrogen is both large and virtually 






M M N 
FIGURE 2 Unidentified fraction of the total ^lissolvcd nitrogen shown inJiPJ^ 
[(IS allowig fo^ average con«ntraiions of ammonia, n.trate and urea, (E.prrssea as . 
percentage of the total nitrogen.) 
TABLE 1 
Examples of reixirted levels of dissolved free amino acids in European waters 
Sit^ ^Tmolo/l 
ChauA Rifey(1966) 
Starikova & Korzhikova (1969) 
Bohling(1970) 
Riley ASegar (1970) 
Andrews & Williams (1971) 
Bohling(1972) 
Daumas(l976) 
Garassi & Degens (1976) 
Dawson & Prilchard (1977) 
Dawson AGoche (1978) 
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unidentified. The amino acids constitute only a small component of 
the total and Thomas ei at. (1971) demonstrated that the balance of 
this nitrogenous material was not suitable for oceanic phytoplankton 
in the eastern tropical Pacific. Hence it is uncertain as to whether any 
of the present unidentified dissolved organic nitrogen material should 
be considered as plant nutrient." 
McCarthy goes on to discuss what he calls "the something for nothing 
paradox" in the euphotic zone. Here all the indications are that the-
phytoplankton are doubling every 2-4 days and yet nitrogenous 
nutrients are apparently unavailable. 
The development of High Performance Liquid Chromatography 
provided an opponunity to overcome the difficulty of amino acid 
estimation in sea water. In 1979 Lindroih & Moppcr introduced an 
HPLC method for direct estimation of amino acids in sea water which 
involved no sample pretreatment. Initially this method was used in the 
studies described in this paper. During the course of the work certain 
disadvantages became apparent and the method was modified (Evens 
et aL 1982). This modification has been used for two years for the 
estimation of amino adds both in fresh and saline waters and the results 
obtained are prKcnted here. 
APPARATUS AND METHODS 
Samples were taken with standard reversing bottles, filtered and 
analysed as soon as possible after collection. No reliable method of 
sample preservation has been found although a number of techniques 
were tried. The speed with which significant changes occurred varied 
from sample to sample and the most reliable method was to take the 
instrument to sea and inject the sea water into the apparatus within a 
very short time of collection. The apparatus and method used were as 
per Evens et ai (1982) with the following slight refinement. 
The analytical column temperature was maintained at BO'^ C as this 
improves the resolution of tryptophan and phenylalanine. At this 
temperature the life of the stationary phase is prolonged if the pH of 
the phosphate buffer is reduced from 7.5 to 7.0. This causes no loss of 
amino acid resolution. 
Standardisation 
Prior to starting sample analysis the normal practice of calibrating the 
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instrument was carried out using a standard solution containing 20 
amfno acids. To guard against the consequences of any instrumen-
tal mairunction during the subsequent run or analyses an internal 
standard was added to each sample. The internal standard used was 
a-amino adipic acid which has not been found in sea water. This acid was 
chosen following experimental work by M. Righton which will be 
reported elsewhere. 
Analysis at sea 
Because of the need for speedy analysis, due to the labile nature of 
amino acids in water, the method was originally designed for fieldwork. 
In the last two years the apparatus has proved to be robust, able to 
operate satisfactorily either aboard ship in difficult weather conditions 
including a force 8 gale or on a land based vehicle. Given a smooth 
electrical supply it is quite suitable for general environmental use in 
the field. 
PLYMOUTH 
P O R T L A N D 
B I L L 
EDDYSTONE 
E l 
L I Z A R D 
POINT E N G L I S H C H A N N E L 
FIGURE 3 Area of sampling. 
Sample area 
Samples are from the area shown in the chart (Figure 3.). The average 
depth of the water in the area is about 50 meters. Depth profiles are 
from International Hydrographic Station E I. Over most of the area 
a thermocline is present during the summer months. The salinity range 
is from 34.2 to 35.4 parts per thousand. 
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RESULTS 
Table II shows the average of all the results taken during a twelve 
month period. The total amino acid concentration shows a seasonal 
variation; the lowest values being found in the summer months. The 
amino acid nitrogen makes up about 30% of the total dissolved nitrogen 
during the early part of the year but this falls to 13% in August. It 
accounts for a considerable part of the previously unidentified fraction. 
TABLE II 
Average mooihly levels or toul tunino acid nitrogen (units p molcs/l) 
Month No Sid! CoefT. %NHi % N H , 
NHi—N Samples Dev. Vor. o f T N of DON 
JAN 3.7 7 1.98 54% 32% 78 -^; 
FEB 3.6 I 0 0% 29% 65% 
MAR 3.6 2' \21 36% 29% 61% 
APR 12 20 0.8S 39% 21% 36% 
MAY 16 25 1.46 57% 27% 35% 
JUN 11 6 1.20 58% 26% 27% 
JUL 1.4 18 0.95 68% 14% 16% 
AUG L6 \5 0.63 40% 13% i5>; 
SEP 17 33 157 96% 26% 39% 
OCT 2.2 22 1.09 49% 20% 33% 
NOV 10 2 0.04 2% 19% 37% 
DEC 1.9 4 • 111 110% 19% 4 r . ; 
Table I I I shows the variation in % amino acid composition of the sea 
water samples used for Table I I . The main amino acids found are serine, 
glycine, tyrosine, alanine and aspartic acid. 
The variability of both the total amino acid concentrations and the 
percentage composition of individual adds is shown in Tables IV. V. 
& VI. 
Table IV gives the results from a series of surface samples taken at 
equally spread intervals during a two hour period over a distance of 
10 miles and Table V presents the composition of this amino nitrogen. 
Table VI shows a depth profile in an unstratified water at inter-
national hydrographic station El . 
DISCUSSION 
The results from these studies show that amino acids are often present 
in sea water at higher levels than was previously generally accepted. 
TABLE I I I 
% Composiiion of total amino nitrogen shown in Table II 
Average 
Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec 
for 
Year 
ASP 7 6 7 5 7 6 7 5 6 5 5 9 6 
GLU 5 4 6 2 4 4 6 3 3 3 3 3 4 
ASN 2 I 2 1 1 0 0 1 1 0 0 I 
SER 6 12 15 12 14 11 12 11 15 7 11 12 12 
HIS 4 7 4 3 4 . 7 3 2 2 4 8 3 4 
GLY 8 16 12 10 12 13 9 10 14 7 14 13 11 
THR 5 4 4 3 S 4 3 2 3 7 5 5 4 
ARG I 0 0 0 0 2 0 0 0 1 1 0 0 
ALA 6 7 7 6 8 8 7 7 7 13 6 9 8 
TYR 24 10 14 28 13 6 15 16 9 6 4 10 13 
ABU 4 2 3 2 3. 3 2 2 3 . 3 3 2 3 
GAB 0 0 2 2 0 0 0 0 0 6 0 10 2 
VAL 5 4 4 4 4 5 4 4 2 3 5 4 4 
MET 0 0 0 0 0 0 0 0 0 0 0 0 0 
TRY 2 0 0 0 0 0 0 0 1 0 I 0 0 
PHE 4 3 2 3 4 6 2 3 1 13 3 4 4 
ILE 4 3 1 4 4 4 1 7 2 7 4 4 4 
LEU 6 5 3 4 7 5 4 6 14 8 3 4 6 
ORN 6 12 7 9 7 13 19 16 13 6 12 8 11 
LYS 2 4 5 1 2 4 4 3 3 9 1 3 
TABLE IV 
Results of surface samples taken along a line from the Eddystone to Plymouth 
breakwater at equal intervals (units ft moles/1) 
SAMPLE 1 2 3 4 5 6 7 8 
ASP 003 0.18 Ol07 0.06 0.06 ao7 ai5 0.03 
GLU 0.03 0.15 0.08 0.06 OOl ao3 ao8 0.02 
ASN 0.00 0.07 ao6 0.00 0.02 0.02 0.04 0.04 
SER 0.08 0J4 aM 0.11 ai l a n 0.31 ao8 
HIS 0.00 ao8 aoo aoo 0.03 0.06 0.08 0.01 
GLY 0.09 0.16 0.17 ai3 ao9 ao3 0J9 007 
THR 0.00 0.14 aoo 0.00 aoi 0.01 ai2 0.02 
ARG 0.00 0O2 0.00 0.00 0.02 0O3 ao2 0.00 
ALA 0.06 0.24 aio ao9 0.07 0.09 ojn 0.05 
TYR 0.17 0 ^ 020 0^ 6 0.23 ai8 0.21 a 19 
ABU 0.02 0.06 ao3 0.04 ao3 0.02 0.06 ao2 
GAB 0.00 0.04 0.00 0.00 aoo aoo ao2 0.00 
VAL 0.00 0.16 ao8 0.07 0.06 ao4 a 14 0.04 
MET 0.00 aoo 0.00 0.00 0.00 0.00 0.00 OOl 
TRY 0.00 0.02 ooo 0.00 0.00 0.00 0.00 aoo 
PHE 0.00 0.18 0.00 0.00 ao3 0.04 0.06 OOl 
ILE 0.00 0.10 0.00 0.00 a 10 OOl a 10 ao4 
LEU 0.00 a29 ai7 ai8 ai2 oos 0.21 a 16 
ORN 0.15 0.31 ai9 ai5 ai8 ai2 a28 a 14 
LYS 0.00 0.16 0.00 ai3 0.05 ai5 0.00 
TOTAL 0.63 2.92 1.43 1.15 IJO a96 2.54 0.93 
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TABLE V 
Cnmposiiion of the lolul amino nitrogen shown in Table 
SAMPLE 1 2 3 4 5 6 7 8 
ASP 5 6 5 5 5 7 6 3 
GUU 5 5 6 5 1 3 3 2 
ASN 0 2 4 0 2 2 2 4 
SER 13 12 10 10 S 11 12 7 
HIS 0 3 0 0 2 6 3 1 
GLY 14 5 12 I I 7 3 I I 8 
THR 0 5 0 0 1 1 5 2 
ARC 0 I 0 0 2 3 1 0 
ALA 10 H 7 8 5 9 9 5 
TYR 27 fl 14 23 IR 19 8 20 
ABU 3 2 2 3 2 2 2 2 
GAB 0 1 0 0 0 0 1 0 
VAL 0 5 6 6 5 4 6 4 
MET 0 0 0 0 0 0 0 1 
TRY 0 I 0 0 0 0 0 0 
PHE 0 6 0 0 2 4 2 1 
ILE 0 3 0 0 8 1 4 - 4 
LEU 0 10 12 16 9 5 8 17 
ORN 24 I I 13 13 14 13 11 IS 
LYS 0 5 10 0 10 5 6 0 
TABLE VI 
Samples taken at 7 depths from El showing amino add levels in unstratifted 
waiere and relationship to other parameters 
MAY 1983 
D E P T H T E M P S A L T N N O ; N H ; - N H , R E M A I N D E R 
. % 
OM 10.S9 35.07 11.4S 0 .16 1.71 1 7 6 6.82 60.0 
S M 10.50 35.07 7.85 0.32 0.76 1.94 4.83 61.5 
lOM 10.44 35.09 7.60 0 2 7 1.23 4.35 1.75 23.0 
2 0 M 10.43 35.09 7.96 0.09 1.32 Z 3 3 4.22 53.0 
3SM 10.39 35.09 6.49 0 J 6 1.15 1.35 3.63 55.9 
5 0 M 10.15 35.13 12.24 1.70 1.26 2.25 7.03 57.4 
7 0 M 10.12 35.14 9.59 1.83 1.91 1.65 4.20 43JJ 
units: icmpcrature^TEMPl 'C: salinitytSALl 0/00: total nilrogcn(TNl ft gjts.N/1; 
nitrate(NOj) ti g.atsN/1; ammonia|NH4) p g.ats.N/1: amino ac id(-NH])p molcs/1. 
(compare Table I & II). Moreover the fraction o f the dissolved organic 
nitrogen identified as amino acids cannot really be considered as a 
small componenL 
Tables II & III show a clear variation in both the amount of amino 
acid nitrogen present in the sea and the amino acid composition of sea 
water. The total amino acid concentration is lowest in the summer 
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months and 30% of the dissolved total nitrogen is accounted for by 
the^amino acids in the early part of the year falling to 13% in August. 
Amino acids therefore account for a considerable pan of the previously 
unidentified fraction. This is of considerable importance in productivity 
studies if this amino nitrogen is directly utilised by phytoplankton. 
There is now considerable evidence that as well as marine bacteria 
phytoplankton can use amino acids for their nitrogen requirements. 
This evidence has been summed up by Dring (1982) who writes "Recent 
studies have shown amino acids to support the growth of most marine 
algae tested. The marine algae used in these experiments included 
representatives from all the algal divisions except the Phaeophyta." As 
early productivity studies did not take into account the presence of 
significant quantities of amino nitrogen, this may well be one of the 
factors involved in **the something for nothing paradox" described 
eariier in this paper. These eariy studies by analogy with agriculture 
tended to concentrate on establishing the relationship between nitrate 
and total productivity. The object of the agricultural system however 
is to produce the greatest yield of a single crop relative to the amount 
of nitrate fertilizer added, and to achieve this every possible constraint 
such as pesticides and weedkillers are applied to the system. Thus the 
system cannot be regarded as natural but more akin to a unialgal 
culture grown under laboratory conditions. The marine ecosystem on 
the other hand is subject to gradual changes throughout the year so 
that a succession of phytoplankton species flourish as these changing 
conditions produce optimum conditions of growth for particular 
species. With regard to essential nutrients such as nitrogen, the nature 
of the nitrogen will be one factor in the optimum growth conditions 
as some phytoplankton species preferentially utilise specific forms such 
as ammonia, urea and amino acids. 
It is interesting to note that the most predominant amino acids found 
in sea water do not include those which are essential for most 
vertebrates, insects and some protozoa. (He, Leu. Lys, Met, Phe, Thr, 
Try. Val). 
The results given in Tables IV-VI illustrate the patchiness of the 
total amino acid concentrations and the variability of the composition. 
This patchiness is typical of all the nutrients in the upper layers of the 
sea during periods of high biological activity. These results are part of 
a wider study which includes some experiments designed to measure 
the flux of amino acids in the sea. The results from this wider study 
will be reported elsewhere together with some biological observations. 
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The main object of the present paper is to show that the levels of amino 
acids in the upper layers of the sea are not insignificant and cannot be 
disregarded in productivity studies. 
We gratefully acknowledge the assistance of the captain and crews 
of the Marine Biological Association research vessels and of the NERC 
research vessel Frederick Russell for the collection of samples. We also 
extend our gratitude to Mr M. I . Liddicoat for analytical assistance in 
providing some of the data shown in Table VI. 
References 
Andrews, P. and Williams. P.J. LcB. (197IX Helerotrophic utilisation of dissolved organic 
compounds in the sea. MI Measurement of the oxidation rates and concentration of 
glucose and amino acids in sea water. Journal of ihe Marine Biologicai Association 
qfthe United Kingdom, 51. 1M-IZ 
Bohling. H. (1970). Untersuchungen uber frcie gdoste Anunosaurcn in Meerswasscr. 
Marine Biology. 6. 2IJ-225. 
Bohling. H. (1972). Gdoste Aminosauren in Obcrflachenwasser der Nordsec bci 
Helgoland: Konzentrationsverandemngen im Sommcr 197a Marine Biology. 16^  
281-289. 
Butler. Knoju S. and Uddicoat. M . I . (1979). The relationship between inorganic 
and organic nutrients in sea water. Journal of the Marine Biological Associailon cf 
the United Kingdom. 59. 239-50. 
Chau, Y. K. and Riley. J. P. (1966). The determination of amino adds in sea water. Deep 
Sea Research, IX 1115-1125. 
Daumas, R. A. (1976)^  Variations of particulate proteins and dissolved amino adds in 
coastal sea water. Marine Chemistry, < 225-241. 
Dawson, R. and Goche, K. (1978). Heterotrophic aaivity in comparison to the free amino 
add concenirolions in Baltic sea water samples. Oceanologica Aaa, 1. 45-54. 
Dawson, R. and Pritchard. R. G. (1977). The determination of a-amino adds in sea water 
using a fluorimetric analyser. Marine Chemistry. 6, 27-4a 
Drin^ M. J. (1982). The biology of marine plants, pp. 199 Edward Arnold. London. 
Evens. R^ firavcn, J., Brown. L. and Butler. E I . (1982). A high performance liquid 
chromatographic determirution of free amino adds in natui^ waters in the picomole 
range suitable for shipboard use. Chemistry in Ecology. 1. 99-106. 
Garrasi. C Degens, E T. and Mopper. K. (1979). The free amino add composition of 
sea water obtained without desalting and preconcentraiion. Marine Chendstry. 8. 
71-85. 
Carrast, C and Degens, E T. (1976). Analytische Meihoden zur saulenchromalo-
graphischen Bestimmung von Aminosauren und Zuckem im Mecrwasscr und 
Sediment. Berichte aus dcm Projekl DFG-De 74/3: "Litoralforsckung-Abwasser in 
Kustennahe". DFG Abschlusskolloquium. Bremerhaven. 
Lindroth. P. and Mopper, K. (1979). High pcrfonnancc liquid chromatographic deter-
mination of subpioomole amounts of amino adds by procolumn (luorescencc 
dcrivaiisalion with o-phlhaldialdehydc. Analytical Chemistry, 51, 1667-1674. 
McCarthy. J. J. (19S0). Nitrogen. In Studies in Ecology Volume 7. 77ie Phy^intogical 
Ecology of Phytoplankion.ed. Morris I . pp. 191-233 BlaclcwellSdcntific Publications. 
Ojiford. 
AMINO ACIDS IN SEA WATER 21 
Rilcy. J. P. and Segar. D. A. (1970). The seasonal variation of the free and combined 
dissolved amino adds in the Irish sea. Joumai of the Marine Biological Association 
of the United Kingdom. 50. 713-720. 
Starikova. N. D. and Korzhikova. R. I. (1969). Amino adds in the Black sea. Oceanology. 
9. 509-518. 
Thomas, W. Rcnger. E. H. and Dodson. A. N. (1971). Near suri"aoc organic nitrogen 
in the Eastern Tropical Padftc Ocean. Deep Sea Research. 18. 65-71. 
